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pickling cost elimi- 
nated...only one rejected plate in 455 
heats...these are typical results in hard- 
ening furnaces engineered and built by 
Surface Combustion for important new 
plants. They represent production short- 
cuts, new results, important savings of 
man-hours, money, machinery, materials. 

Today, exact metallurgical knowledge 
is being put to work in mass-production 
furnaces. Automatic controls keep accu- 
rate rein on temperature and time cycles. 
Hardening, quenching, reheating, draw- 
ing, and other steps are all handled by 
one continuous furnace. 

Where bright or clean hardening is 
desired, special chemical atmospheres 


are provided, and oxygen and combus- 
tion gases are excluded. As a result, it is 
possible to save the time and labor (not 
to mention the money) formerly spent on 
complicated secondary processes, such 
as pickling, or sand blasting and extra 
machining. Even tool steel with molybde- 
num alloys come out without skin or dis- 
tortion, glass hard, and as bright as if 
freshly machined. 

For uniform and fast hardening, or for 
any modern heat treating process, get the 
complete facts from Surface Combustion 
SURFACE COMBUSTION TOLEDO, 
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High strength and workability of Inland 
Hi-Steel are of great advantage in building 
heavy field gun and howitzer carriages. 


Built Light and Tough with 
Inland Hi-Steel 


Carriages for America’s large field guns must 
be built to withstand terrific impact and 
torsion stresses—be as light as possible — 
and, because of the urgency for equipment of 
this kind, must be made of steel that is easily 
fabricated and retains its strength under 
relentless pounding. Inland Hi-Steel—the 
low-alloy, high-strength, corrosion-resistant, 
structural steel — meets these requirements. 


Inland Hi-Steel is ductile, and can be readily 
cut and formed cold. Its endurance limit is 
50% above ordinary steel, and its impact 


STRIP TIN PLATE + BARS 


RAILS + TRACK ACCESSORIES 


NLAND STEEL €0. 


Dearborn Stes, Chicago "Sales tices: Detroit, St.Paul, St 


strength at —25° F. is four and a half times 
higher. Under proper annealing its yield 
strength is increased by approximately 40%. 


It is easily welded by arc, spot, resistance or 
flash methods, or by gas. 


Long tested and approved by builders of 
road machinery and other heavy equipmen:, 
Inland Hi-Steel is now available only on 
special order for wartime use. When Victor) 
is ours, this modern steel will again be avail- 


able for peacetime products. 
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eriod when the heat, and a 
efficiency was 
reasil by 359%, despite 
rge expansion in plant and 

study was made of 
ng steel, heat by 
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method devised 
whereby the machinability rat- 
ing can be predicted from its 
tensile properties. 

sufficient 
to be useful either for adjusting 


speeds or feeds to match the 
properties of the specific steel 
delivered, or for raising the gen- 
eral level of machinability by 
correcting aberrations in the 
steel mill operations. 


The method 
generality 


RATING THE MACHINABILITY 


OF BULLET CORE STEEL 


By NELSON G. MEAGLEY 


Chief Metallurgist, Toledo Bullet 


Core Plant, Willys-Overland Motors, Inc. 


\| ACHINABILITY of the relatively hard steels 


used in the manufacture of many ordnance 
ms becomes very important. For example, in 
iking armor-piercing bullet cores a steel of the 
ture of a toolsteel is cut on automatic screw 
ichines at fast eyeles and to close tolerances. 
hey are made by the million and the grinding of 
‘ting tools, repair of equipment, supply of high 
eed steel, and inspection for defective cores 
vecome a large part of the operation problems. 
For the control of this steel, the metallurgical 
partment of the Toledo Bullet Core Plant (an 
nance Department, Army Service Forces 
int, operated by Willys-Overland Motors, Inc.) 
‘made an extensive investigation into a prac- 
il rating of machinability. It was felt that 
‘rostrueture alone would not supply the 
‘wer. The steel is very similar to an alloy 
‘sel and punch steel, containing much excess 
‘bide. To improve machinability it is cold 
‘awn following a spheroidizing anneal, there- 
ore the microstructure will show the condition 
‘the anneal but will not measure the cold draw- 
and straightening practice — both of which 
Important as the anneal itself. 
Reasoning that machining is a physical proc- 
"ss and is direetly related to the physical nature 
of the material being cut, it seemed that physical 
methods should be used to determine machin- 


ability, and that chemistry and microstructure 
are important only in their effect on these phys- 
ical properties. While the work was done for a 
special steel for a special wartime part, it is 
believed that the method has sufficient generality 
to be applied to other peacetime items in mas: 
production. 

The basis of the work are formulas pub- 
lished by E. J. Janitzky in @ Transactions for 
1938 (page 1122). These formulas have been 
altered to measure machinability directly and to 
take into account cold drawn conditions, thus: 


where M.I. is the machinability index, T is the 
tensile strength in pounds per square inch, and 
R is the reduction of area in per cent. 

This version of the formula is to be used 
with caution when the elongation falls outside the 
range of 15 to 18%, the ordinary range for the 
metal used in our work. The original bar size is 
0.453 in. + 0.002. For test purposes this is turned 
down for 2.5 in. to 0.440 in. to localize the frac- 
ture, and elongation is taken on 2-in. gage. 

The bullet core is turned to correct diameter 
and shape of point. Machining is to average 
commercial finish. After hardening, several thou- 
sandths are removed from the cylindrical diam- 
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sion cores. has be 
found that Statist, 
treatment of | data { 
‘many heats gives a qu; 
tative evalua! 


steel from the seye; 
mills. | 
The machinabilj; 
index, as determined | 
tensile testing as ab 
indicated, has been foy: 
to give a good indicat 
of the pph. as comput 
by results of actus 
machining. Data from 4 
consecutive heats of ste 
from six mills were tak 
to investigate this rel 
tionship. 
| Six bars, randon 
Sept IS Sept 30 Oct Is Oct 30 é selected from each hea 
Date were pulled and 
Fig. 1—- Log of Machine Performance on 44 Heats From Five Mills. Feeds average taken as the r 
and speeds were constant, general shop efficiency was increasing. Numbers resentative physical pro 
represent “machinability index” computed from tensile tests on each heat erties. The M1. for ti 
heat was calculated fror 


S 


Pounds Machined per Hour per Machine 
& 


eter by centerless grinding. An oil of 95 viscosity these data. Statistical methods were relied up 
(Saybolt universal test in seconds) containing to distribute errors uniformly. Since complet 
1.1% sulphur and 2% lard is used for cutting. of this investigation (December, 1942), a month 


Dove-tail form tools of either tungsten or molyb- check has been made of this relationship, « 
denum high speed steel are used and the normal the conclusions are the same in each case 
chip is tightly curled. There is no drilling opera- In Fig. 1 all heats from the five mills supp 
tion required. Speeds and 

feeds are constant and 46 
cannot be changed to take 
care of material of poor 
machinability. The cycle 
time is approximately 6 


Positive . 
sec. per core. 

The actual machin- 
ability of a heat is meas- 
ured by statistical 
methods after it has been 
completely consumed. A 
record is kept of the 
pounds machined per hour 
(pph.) The variation of 
machine time from nor- 
mal represents down-time 
for tool changes, adjust- 
ments, and general trou- 
ble. A difference of 1 or 
2% in pph. may mean a Q6/e 
100% inerease in tool Seot. 15 Seot 30 Octis Oct 30 Nov. 15 
grinding, or a 200% —— ate 
increase in inspection Fig. 2—— Improved Efficiency of Shop Is Approximated by ! 
resulting from off-dimen- Line and Variation of Each Heat From This Norm Is 


8 


& 


Normal — 
for Date 


‘Mill Number Shown as Fraction Afte 


Pounds Machined per Hour per Machine 


n 


lined 
own 
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Bullet Core Plant are plotted accord- 
thev were machined as abscissa and 


to the 
‘ined per hour per machine (pph.) 


mds 
— ie. At each point is placed the calcu- 
ted wi. it will be noted that for each rise or 
in pp. there is almost always a correspond- 
rise fall in M.I. Over the course of this 
vestigati | the plant expanded its production, 


« machines were added, and new operators 
~» becoming more proficient in their work. 
. deady increase in the efficiency therefore took 
ce In spite of these many variables other than 
machinability of the steel, the M.I. was able 


ag 

| | 
No. 4 

\ 

Mill No.2 


No. 3 


450 


200 250 500 350 400 


Machinability iIndéx—- 
hy. 3-- Frequency Distribution of Steels of 


Calculated Machinability for Each Supplier 


predict the relative time required to machine 
new heat, in relation to the previous time 
juired for a previous heat from the same mill. 

In Fig. 2 the heats have been replotted as in 
line called the “normal for date” 
‘as been drawn to approximate the production 

be expected from the general shop efficiency 


rig. l and a 


. 


This line is shown straight although 


t the time 


ie eflicieney did not rise so smoothly and unin- 
“rruptediv. It is useful, however, to give a com- 
‘son so as to reduce the influence of the 
lables o(her than actual machinability of the 
etal. It is obvious how the heats may be rated 
cordin their position above or below this 


above are positive and those below 
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the line are negative. The sum of the negative 
ratings was subtracted from the sum of the posi- 
tive ratings to give the average for all mills. The 
same procedure, taking each mill separately, 
gives the relationship of this mill to the average: 


AVERAGE: 1.5 NEGATIVE 
Mill No. 2 10.4 positive 
Mill No. 4 0.2 positive 


Mill No. 3 1.7 negative 

Mill No. 1 4.6 negative 

Mill No. 5 5.8 negative 
A frequency distribution curve has been 
drawn in Fig. 3 for the M.I.’s calculated from the 


tensile tests. On this chart the M.I. has been 


plotted as abscissa and the percentage of total 
readings falling within a 25-point range has 
(taken 


been plotted as ordinate. The “average” 
as the peak of the curve) is given below: 


MILL M.I. 
No. 2 387 
No. 4 350 
No. 3 325 


No. 1 300 
No. 5 275 

It will be noted that the relative position of 
the various mills is the same in Fig. 3 as in the 
Fig. 2, where actual 
In other words, 


averages drawn from 
machinability is used for rating. 
actual machinability and calculated rating puts 
the product of each mill in its correct relative 
position. 

Figure 4 (p. 70) summarizes the relationship 
between the M.I. and the actual machinability. 
This work is of a statistical nature and the points 
are mathematically determined by a system of 
grouping in order to reduce variables other than 
the machinability of the material, as follows: 
Heats having an average M.I. between 270 and 
280 were weighed according to the machine shop 
efficiency existing at the time and plotted in the 
center of this division of the abscissa. The per- 
centage relationship to the normal efficiency was 
plotted as ordinate. This same procedure was 
used for all M.1. ranges. 

A second grouping has been made to further 
eliminate variables: Three consecutive M.1. points 
have been averaged and the efficiency plotted in 
the center of this range. For the next point on 
the graph, one group was added from right and 
one group dropped from the left, and so on 
throughout the abscissa. By this method all 
variables other than machinability of the mate- 
rial were averaged over and a smooth curve 
obtained. This line has been shown as straight 
on the graph, although there are indications of 


logarithmic properties. It is felt that insufficient 


tests have been made to determine the exact form. 
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Microstructure 
and Machinability 


Typical microstructures of 
the steel we were furnished dur- 
ing the latter part of 1942 are 
shown in Fig. 5. These are 
taken at 1000 diameters and 
etched in 2% nital. Although 
the specification required 70% 
minimum spheroidization, the 
steel is generally much more 
spheroidized than this — the 
usual practice being to anneal 
to 90 to 95%. 

The relationship between 
microstructure and machinabil- 
ity has been rather difficult to 
determine, because the physical 
properties are altered by the 
cold drawing practice. These Fig. 4 
effects (work-hardening of the Computed (Points) With Creeping Averages for 
not shown in the Three Adjacent Points ( Dotted Line, A pproximat 


8 


Percentage of Normal 
© 


280 300 3820 340 360 30 #0 
Machinability Index (M1) 


Comparison of Average Machinability as 


ferrite) are 
microstructure. There is, how- 
ever, an excellent relationship between machin- Mill Practice and Machinability 
ability and microstructure providing the steel is 
trom the same maker and the same mill. It has Mill practice has been found to ha 
been our experience that this steel should be decided effect on the physical properties, 
annealed to the maximum softness which pro- therefore on the machinability index. In 
duces large carbides. The cold drawing should tion to the anneal, the uniformity of the hot: 
then be sufficient to embrittle the steel and the cold drawing draft, and the straighter 
produce an elongation in the tensile test to 15 speeds all have their effect. To verify our ! 
to 18%. If this is done the M.I. will indicate the ings in this regard, several mills have coopers 
condition both of the anneal and the drawing — by supplying test specimens representatiy 
practice. various practices, and this phase of the wor 
All other things being equal, the coarser the now being carried on. 
structure the lower the tensile strength. The cold draft, through work 


> 


Fig. 5— Representative Variations in Carbide Size and 
Distribution in Commercial Deliveries of Bullet Core Steel 
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The formula cannot be taken as a 
sentation of the whole picture as there are other 
variables in machinability besides strength and 
brittleness. Some are (a) the desired finish on 
the product, (b/ problems resulting from types of 
chips, (¢c) decarburization, producing a tough 
surface, (d) welding tendency of chips on the 
tool, (e) type of cutting oil, and (f) variables in 
cutting tools. 

The M.1. (calculated machinability index) is 
a measurement of the resistance of the material 
By its use it 


repre- 


to the shearing action of the tool. 
has been possible to find a good relationship 
between machinability and the tensile properties. 
The other variables listed above either do not 
exist in our production, or are reasonably uni- 


form throughout all heats. 

The author wishes to express his apprecia- 
tion to Harold Yarian, under whose direction the 
tests were made and who made many valuable 
contributions to the investigation. Se 


edenit nereases the tensile and yield 
a onath reduces elongation and reduction of 
F v4 and it is for this reason that our formula 

ist be | with caution when the elongation 

an he range of 15 to 18%. 

Wide variation in the hot rod size causes a 
bonwe in draft and result is a lack of uniformity. 
be release of strains through straightening is 
» extremely critical, and alters the physicals 

tens -reatly when different speeds are used. 

When the data are more complete on these 

ats it is the intention to publish our findings. 

Conclusions 

Machinability of a material varies directly as 
function of the brittleness of that material and 
versely as a function of the strength. The M.1. 

oy mula has been shown to be a practical 
: thod for measuring these variables when 
whining a high carbon, alloy steel. 
THE FUTURE 
i\ 

Va tvatk on “The Social and Economic Respon- 
eC | sibility of the Automobile Engineer”, published 
n the May 1943 issue of The Journal of the British 

u stitution of Automobile Engineers, Donald H. 

| Smith avers that engineering developments prac- 
illy stopped in 1935 in the field of private motor 

irs. Since then the engineer has been dominated 

u vy the salesman, the publicity expert and the pro- 
iction specialist, and all too frequently “that 

oe hich the engineer-designer knew to be sound 
N. uld be, and often was, overridden by one or all 
~ | the others. Particularly, he says, has 
% evelopment stagnated in the English motorcycle. 
4 “Many of the errors of industrial life in the 
A ecent past are now admitted,” continues Mr. 

‘mith. “It is realized that the somewhat cynical! 


‘bandonment of sound principles, coupling there- 


. 
ith a prodigal wastage of materia! and labor on 


production of ephemeral value, has had astonish- 
Z is Tepercussions. May it not be profitable, there- 
4 ‘ore, to look to the future and to endeavor to 
i void being involved once again in the currents 
(the same stream? 
; “Although manufacturing facilities will be 
; sreatly increased, material supplies may be short 
id unb ced for many years. It will be wise, 
erefor 


‘o conserve material by avoiding 


AUTOMOBILE 
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solely to facilitate cheap and 
rapid production in the interest of high pres- 
In short, to abandon the system of 


designs laid oul 


sure sales. 
scrapping and replacing after a short life in favor 
of building to last a reasonable time on lines that 
facilitate repair work. The general inhibition of 
rust, either by metal spraying or other means, of 
all the under-parts of road vehicles would have 
been of more service to owners today than any 
of those innovations of external appearance and 
unnecessary embellishment that were hailed so 
joyously when they were introduced. 

“The anticipated influence of aircraft design 
upon the future car is a popular subject with the 
However, the engine runs 
under conditions that preclude its ordinarily 
developing anything like the same kind of power 
characteristics that are required of road vehicle 
Indeed, its service is so specialized that 


prophets. aircraft 


engines. 
the application of its design features is either 
undesirable or remote or both. 

“The use of light alloys is also suggested for 
the road vehicle and to some degree the future 
may see many developments, particularly in body 
But the technique 
Light 


construction on aircraft lines. 
of light alloy usage is difficult and costly. 
alloys are by no means (Continued on page 132) 


Transparent replicas of etched 
metal surfaces, 
work with the electron micro- 
scope, are also quite valuable 


necessary for 


in ordinary optical microscopy 
for visual examination and per- 
manent records of microstruc- 
tures that may be destroyed by 


further 
if the plastic is previo, 
dyed, may serve 

the relief in the ete: 


experimen ition 


FOR USE IN THE LIGHT MICROSCOPE 


By VINCENT J. SCHAEFER 


Research Laboratory, General 


Flectric 


Schenectady, 


— THAN fifty years ago J. B. Haycraft 
proposed in the Proceedings of the Royal 


Society (1891) the use of transparent replicas of 
soft collodion for the microscopic study of sur- 
faces. In 1924, L. V. Foster published the results 
he obtained in Transactions of the American 
Society for Steel Treating using a light micro- 
scope with collodion replicas of etched metal 
surfaces, and showed the various types of light- 
ing which could be used to bring out various 
characteristics of the surface configurations. 
Despite the excellent results obtained the replica 
method for studying surfaces was not extensively 
used —- primarily, perhaps, because it did not 
supply any appreciable amount of new informa- 
tion to the metallurgist, coupled with the some- 
what complicated technique recommended. 

Within the past few years the use of replicas 
has assumed considerable importance with the 
application of the electron microscope to the 
study of metallurgical problems. A number of 
techniques have been proposed for preparing 
replicas thin enough to permit the transmission 
of electrons, and strong eneugh to withstand the 
handling necessary in preparing and mounting 
the specimen in the electron microscope. Details 
may be found in Journal of Applied Physics, 
1941, p. 692; 1942, p. 427; 1943, p. 23. 

In recent notes (Physical Review, 1942, p. 
495, and Science, 1943, p. 188) the present writer 


proposed several new methods for removing |! 
resin replicas from the surface of metals 
other objects, including a method designed 
marily for the light microscope. Briefly, i! 
sists in the formation of a transparent layer 
polyvinyl formal resin, by flowing a dilute s 
tion of it on the surface of the specimen | 
studied. After the solvent evaporates a pie 
transparent cellulose scotch tape is pressed 
optical contact with the replica and peeled a 
from the specimen. The replica sticks to the | 
and is then placed on a glass slide and obser 
or photographed in the light microscope Us 
transmitted light. The entire operation ca! 
carried out in a couple of minutes and work 
the electron microscope has indicated that | 
surface structure shown by a_ polyviny! lo 
resin replica is faithfully reproduced to be! 
than one-fiftieth of a micron (a small tract! 
the wave length of light). 

In the present paper I would like to des 
a new application for replicas in the stud 
By this method the relative dept! 
may be seen al @ 


ri 


surfaces. 
adjacent 
recorded on the photomicrograph, and even ™ 
ured with a considerable degree of ac 

For example, an etched surface o! pure 
per, seen by vertical illumination in ‘he me 
lographic microscope, looks like Fig Wit 


regions 


such a sample it is impossible to det orm 
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RFACE REPLICAS CONTAINING DYER, 
7 
| 
pes 
i 
pur 
! 


. of different areas in the field with- 
S, making numerous optical measurements of 
‘0 m. This is due, of course, to the equal amounts 
ected from those portions of the field 


tive ce 


els ight ret! 


n Dichromate, Photographed Under Vertical 


w) Diameters Magnification and Reproduced at 50 Diameters 


7 @ right angles to the optical axis of the 
roscope 
\ replica of the same region prepared 
(he manner to be described looks like 
2, when illuminated by transmitted 
Bzht. In this photomicrograph the several 
Besrees of density are directly related to 
Bhe relative depths of the several grains, 
darkest regions being the lowest levels 
Pile the lightest parts show the portions 
Feast atlacked by the etching solution. This 


Pilect is obtained by dissolving a dye in the 
pesin solution used for making the replica. 
Bince the under surface of the replica fol- 
}ows the configuration of the etched sample 
Phile, as the solvent evaporates, the upper 
Brace remains flat due to surface tension 
porces, the part of the replica covering a 
pesion of deep etch contains more dye per 
‘area than a shallower region nearby. 
his difference in’ thickness produces the 
p “ation in light transmission seen in Fig. 2. 
In making a replica the solution is 

Wed over the surface, the excess drained 
f°" a few seconds and the solvent permitted 
F° evaporate over a period of a minute or 


two with the surface held in a horizontal position 
and covered with a petrie dish to retard evapora- 
tion. The concentration of dye and resin material 
must be suited to the particular specimen under 
study, since the degree of etch and relative 
depth of various portions of the surface 
often vary over a wide range. Since a com- 
pleted replica may be prepared in less than 
» min., I have found it convenient to have 
several stock solutions which can be diluted 
if necessary. Those found most useful 
include a 3% and a 1% resin solution, each 
containing 0.75% by weight of an oil- 
soluble dye. The dye which I have found 
to be quite satisfactory is ethyl violet. Used 
in a combination with a Wratten B No. 58 
green filter in front of the light source, 
excellent contrast is obtainable for visual 
observation or with panchromatic film. 
Both dye and resin are dissolved in ethylene 
dichloride or dioxane. (A subsequent paper 
is planned which will furnish specific infor- 
mation on the relation between concentra- 
tion of resin and dye as a function of 
thickness and density, as well as the rela- 
tion of density to relative depth in a 
specific sample. ) 


Fi). 1 Copper Surface, Polished and Deeply Etched With Potas- As an aid in removing the 


Illumination at replica it is sometimes necessary 
to apply a slight amount of moist 


Fig. 2— Dyed Formvar Replica of Same Area as 
Fig. 1, Photographed With Transmitted Light. 
(All photographs made by Mrs. Constance Brodie ) 
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warm air, such as from the breath, to the top 
surface of the replica just before applying the 
scotch tape. 

At present, available transparent scotch tape 
is not of good optical quality and sometimes pro- 
duces artifacts such as the faint parallel out-of- 
focus lines shown in Fig. 3. Where it is desir- 
able to have the replica free of the scotch tape 
coating, a small triangular hole is cut into the 
tape before applying it to the replica. This hole 
is then located over the region to be studied, 
the tape pressed into contact with the top surface 


Fig. 3—~—- Photomicrograph at 100 Diameters 
of Dyed Formvar Replica of Electrolytic 
Tron Showing Neumann Bands. Etched in 
2° nital. Parallel, out-of-focus mark- 
ings originate in the cellulose tape backing 


of the replica and the replica removed in the 
usual manner. 

Since a complete impression of the specimen 
and the mounting material is obtained by the cel- 
lophane method, including reference marks in or 
adjoining the specimen, it is a simple matter to 
find by measurement identical regions in both 
the original and replica specimens for optical 
comparison. Another advantage in making the 
replica of a surface is the fact that a record of 
the entire specimen is obtained, parts of which 
can be used later for reference and photomi- 
crography, if the original specimen is altered by 
experimental treatment. This avoids an exten- 
sive series of photomicrographs, prior to subse- 
quent experiments, on the chance that some 
unknown detail must be available for later study, 
after its existence has been destroyed. S$ 
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RECLAMATION 


OF FIRED CARTRIDGEs* 


By John Rae, Jr. 


ARIOUS TROUBLES have been 
v.. the use of scrap fired cartridge cases. , 
they have generally been avoided by many; 
turers, except for a low-grade product, so {| 
influence was investigated on the properties 
straight brasses containing 62, 59, and 56 
per, three leaded brasses, and one naval brass 

The heats were melted in half-ton low 
quency electric induction furnaces and p 
into 6%,-in. water-cooled molds, and the bil) 
extruded. Mixtures were made in which cartridy 
cases replaced copper and zine as far as possi! 
and comparative heats were made without ca 
ridge cases. In some experiments a calculat 
amount of antimony was added to a melt ma 
up from virgin metals. 


In the extrusion alloys made of straight 


brasses, a marked difference in color was nol 
between fractures of the alloys made from 
ridge case mixtures and those made from nor 
mixtures. The effect was less pronounced in 
leaded brasses. Cases which had been “clean fir 
and “muffled” were both used, but their effec! 
the same. 

Among the physical tests, except in the ca 
of the higher copper alloy in which the elons 
tion is slightly reduced, the main impairmen! 
properties is in the Izod and bend tests, anc 
one alloy, in the cold riveting test. Naval brass 
were unaffected by the change in the mixtures 

The effect of antimony up to 0.012%. on! 
physical properties of 62:38 brass was studied 
the chill-cast samples and in extruded rods 
had a similar effect on the properties of dray 
rods and of as-extruded material, the impairme! 
being practically confined to the Izod value # 
the angle of bend. The effect of the light dr 
is to raise the Izod values slightly in both m 
tures A, made of virgin metal, (Cont. on p. | 


) 


*Abstracted from “The Use of Fired Small-* 
Cartridge Cases in the Production of Some \' 
Beta Extrusion Brasses: Indications of the Effects 
the Physical Properties of the Extr d | | 
Journal of the Institute of Metals, ‘ 68, 14- 


page 311. 
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n address given at chemical industry. In addition extraction of bromine and of 


Portions 
lumbia University upon to founding a chemical industry magnesium from sea water, the 

eipt of the Chandler Medal which depended upon Michigan production of synthetic plastics 
ie his dynamic and successful salt brines, his daring enter- and synthetic rubber has 
oadersh in the American prise in the direction of the attracted world-wide attention.” 


REDISCOVER THE RAINBOW 


DOW 


By WILLARD H. 
Chemical 


President, Dow 


HROUGH countless centuries our forbears in the midst of a holocaust of destruction in 
T marvelled at the beauty and glory of the — which apparently nothing is sacred or inviolate. 
jinbow; the ancients often worshipped it as a The war, if it demonstrates anything, demon- 
inifest from Heaven, But the ancients, like so strates that mankind as a whole is morally and 
my in recent times, could not conceive of a politically unfit to apply the knowledge which 
ity as other than a mere provider to man’s science has placed at its command, Are we not 
ilerial wants. They conjured up a pot of gold today applying against mankind nearly all the 
(the rainbow’s end. In their simple and artless forees and laws of nature which science has 
hinking they envisioned a real pot of real gold uncovered for the making of a better and happier 
md thus a means to wealth and happiness. living? 

The ancients were right in holding that the Regardless of what fine, resounding words 
iinbow held a promise. They were wrong about may be used as introductions, every scheme to 
he promise being in a pot that one could lift and divert the working of natural laws from construc- 
wry away. The rainbow, as scientists were to tive and useful purposes to destructive and use- 
seover, is a revelation of the spectrum and an less purposes must lead to sorrow. Is it not odd 
nvitation to man to find out how to use it to — that there should be so many coming forward 
vestigate nature’s laws and to unlock treasures now with plans for perfect world orders to be 
’) Vast that they could not be counted in pots of built out of the ashes of the present debacle? 
sold; for no one can evaluate in money what the Those who offer the plans are much the same 
‘pectroseope has done for science and humanity. people who achieved the failures. And so I sug- 

The rainbow is not nature’s way of pointing gest to you as men of science that our greatest 
ita shorteut to wealth. It is nature’s way of contribution may be in the devising of ways and 
ndicating how we might better work for the means to inject something of the truly scientific 
vealth which nature has in store for us but will approach in the future world in order that we 

‘ give us merely for the asking. At that, I may have at least a nation, and perhaps a world, 
oubt if as much blood and sweat and tears went in which the laws of nature may be allowed to 
ito the development of the spectroscope as went work and man will be able to avail himself of 
ito the forays to find the pot of gold at the end his countless opportunities. 
‘the rainbow. Fortunately, there are no statis- The first requirement of any plan is to test 
‘son the subject. it carefully to determine if it conforms with 

| have asked you to chase the rainbow with natural laws. For planning without this exact 
, hot'so much out of love for the chase but for knowledge, or planning without any knowledge, 
te revelation of scientific precepts that will con- may easily be planning against nature. The 
ribute to the betterment of all peoples. We are Tower of Babel, it may be recalled, was part of 
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a plan to penetrate to Heaven — although I am 
not informed as to what the planners were going 
to do when they got there. It was magnificently 
conceived, but it ended in rubble and contusion, 

There is an omnipotent plan. I am not going 
to discourse on any theological abstraction such 
as predestination. I simply mean to point out 
that we of the scientific mind have already 
learned there are countless natural basic laws 
and that many of them are difficult to uncover 
and to interpret but that, once understood, their 
application is simple. For instance, the law of 
gravilation is never questioned, yet it was not 
understood for many centuries. The declaration 
that “there is an omnipotent plan” signifies in 
its simplest terms that natural laws control 
every activily. So long as our actions conform 
to these natural laws, we cannot help but succeed 
in our purpose. 

Is there a scientist who does not appreciate 
the concept of an omnipotent plan? Each syn- 
thesis, each reaction and all processing, the 
scientist watches with keen appreciation, hoping 
to discover some new phenomena. Our lives and 
all we direct are successful only in so far as we 
can properly interpret the magnificent plan. 

It is not without significance that the capable 
scientists of today tend to be devoutly religious; 
whereas many of those who claimed to be scien- 
lists only a generation or two ago took pride in 
proclaiming themselves as agnostics or atheists, 
for they could not correlate religion and science. 
We of today are so much better informed than 
our fellows of generations ago that we have 
enough perspective to recognize our own insig- 
nificance..... 

Laymen have been trained to think that the 
physicist or the chemist dives into nature, so to 
speak, and comes up with something wonderful. 
That, of course, is not true. The best we can do 

indeed the only thing that is worth doing —— is, 
with infinite patience, to work out the laws of 
nature as they apply to this or that tiny section 
of matter and then find a way to direct the work- 
ing of the natural law into a channel where it 
may serve mankind. That is why the end of 
every discovery must eventually be a commercial 
utility. Not otherwise than in commerce can we 
find an exchange value so that people may employ 
the utility. 

The idea of one scientific development being 
a tool which helps in another development is 
clearly understood and appreciated by those with 
scientific experience ——and but slightly under- 
stood by others. The radio is probably consid- 
ered by the public as one of the most necessary 
means of entertainment and communication, but 
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the whole physical science of radio is one of » 
most vitally necessary tools in all sorts of , ; 
mercial operation. It permits automatic copy 
where human hands cannot reach. The elects 
microscope in turn permits magnification » 
lenses cannot produce. It would be an yny 
prophet who would attempt to define the probat 
limitation of electronics, or what it will ¢ 

aiding all branches of science to further yyy 
standing and benefit. 

Another example: The extraction of broy 
from ocean water was not a commercial econy 
process until comparatively a few years ago 
that was only because in earlier days we did 
have the equipment with which to make possi 
the careful and exacting acidity control of } 
ocean water. In 1934, for the first time in y 
experience, we found how to handle enorm 
volumes of ocean water in continuous flow and 
the same time control the acidity within nan 
limits. That was the real key that opened 
first lock of the vast resources of the 
Today thousands of tons of bromine are extract 
annually from the ocean to the tremend 
advantage of the Allies in aviation alone. W! 
body politic a score of years ago could | 
directed or even wisely suggested the solutio: 
such a problem? What “directive” could | 
substituted for unfettered imagination, the des 
of the human being to show self-expression 
lo carry on against all kinds of obstacles’ | 
persistent individual, if he follows natural | 
will invariably succeed. The desire for individ 
expression is a trait of our species and, a 
many thousand years of records, it might p 
erly be called a natural law of human reac! 

Some say there is no truth in the old-tw 
ioned economic axiom, generally known as 
law of supply and demand; but the fact rem 


that human interest is stimulated when a short 


of anything is imminent. What better evar 

can be presented than the stories of magnes! 
and synthetic rubber?) The more intricate © 
problem, the more stimulating the urge to sol 


Magnesium From Salt 


Magnesium is an interesting story and 
fectly simple. Perhaps that is the principal " 
son it is so difficult to understand. Magnes 
is found in ample quantities in many localities 
always in a combined state such as dolom 
limestone, or some other compound such | 


; 


magnesium chloride in ocean water and ™ 
brines. In most localities where dolom! 


found, fuel costs are fairly high or transport” 
pr b 


charges constitute a large factor. 1 


>, 
4 
: 
7 
ny 
4 
q 
\l 
a 
sp 
nr 
} 
; 
} 
th 
SU 
il 
| 
a 
4 th 
’ 
’ 
ay 


lating magnesium 


Detter than the natural. 


orefore ‘ickly resolves itself into one of deter- 


ning the relative cost of mining rock or pump- 
socean water. We chose the ocean deciding 
bo volume was large enough to justify the invest- 
ont. We made our decision and started plans 


‘hin a few months, as the general method of 
from brine had been in 
eration with us for 25 years, 

When we first decided to extract 
m the ocean, some of us were concerned about 
he possible contamination of organic matter and 
< elfect on final recovery. This finally proved 

be a will-o’-the-wisp, for the organic matter 
mained aloof. Thus our fears were dissipated. 

On the other hand, many precautions were 
‘ken in the magnesium-from-sea-water extrac- 
n process. When the plant was finally started, 
ve found it necessary to make some radical 
changes in order to prevent the concentration of 
oronate from becoming too great in the elec- 
trolytie cells. Boron has the property in this 
ectrolysis of being an active agent capable of 
educing the yield of magnesium to practically 

thing. Thus boron had to be controlled partly 
by elimination and partly by leaving the iron and 
janganese, naturally present, to control the 

ron. Here was an outstanding example of 
ilure’s elements in small quantities laying down 
definite rule of operation; a control which none 
(us at that time thoroughly understood. 

We have all heard much about the synthetic 
rubber program... .. We have plenty of technical 
wwledge touching the synthesis of rubber. 
\iter the war is over, there will be as many 
lilferent kinds of synthetic rubber (better termed 
“elastomers”) as there are manufacturing com- 
anies. Each product will have its own particular 
jualifications and will be supplied to tailor-made 
specifications. Elastomers are here to stay. Much 
xe the history of indigo and many other natural 
products, the synthesized product will become 
Uniformity of specifica- 
‘ons and lower costs will permanently establish 
‘a8 a new industry after the war. 

In this connection, it is interesting to reflect 
pon the competition between synthetic and 
alural products. .... That is the way we talk 
sout offering a selection between a man-made 
product and a nature-grown uncon- 
— product. But let me suggest to you that 
“re is no fundamental competition between 
substances; the competition is between the skilled 
ibor of the factory and the coolie labor of the 


bromine 


. 

‘antation. May it not be a law of nature that 
ihe pro 

* product which may be turned out by the well 
paid, well fed, well housed worker must displace 


product which requires men to work in the 


manner and at the wages of a beast of burden? 

One so often hears of our economic need for 
this or that basic material. Tin may be 
taken as an example. Granted that we are all 
creatures of habit and that we are more or less 
tied to the tin can for a large portion of the 
food we eat, why are we not smart enough to 
Failing this, what about 


raw 


develop a substitute? 
the possibility of finding a new source of tin? 
We do not know of the existence of tin in ocean 
water, but do we need tin? There is probably 
little reason to upset our economy for the mere 
need of something like tin. Should we not rather 
work on a substitute and develop something that 
is better and thus open new opportunities? There 
is no reason why we should not sometime eat 
the containers in which food is stored. We have 
learned to make synthetic sausage casings and ice 
cream cones. Why stop there? New synthetics 
are already available for manufacturing flexible 
tubes for tooth paste, shaving cream and the like, 
formerly requiring the metal tin..... 

You will hear of wartime developments and 
accomplishments which otherwise would have 
Shall we teach our chil- 
emergency to create 
War emergency 


taken years to attain. 
dren that it takes a 
real advance? Of course 
is one thing; peace is another. The two are not 
to be confused. There is no comparison, We 
also hear of high-placed men preaching that 
inventions should be curbed for the good of 
They are grotesquely misinformed. To 
Every 


war 
not! 


society. 
invent is one of the freedoms of America. 
child has been taught to believe he may become 
an Edison of his day, and why not?” 
The ultimate changes in this 
infinite and, therefore, beyond human imagina- 
tion. They are infinite because nature’s laws are 
The bright spots of progress merely 
Every new 


world «are 


infinite. 
reflect the operation of natural law. 
milestone of progress is but a period of more 
basic and clearer understanding, with the aid of 
the physical and chemical sciences, of the forces 
of nature and their laws. Finite milestones serve 
only to define nature. In no way does nature 
become less infinite. There are always greater 


possibilities and new horizons ahead of us. Nature 
attends. We must conform. 
A world at peace will be a world funda- 


mentally based on nature’s laws. Nature’s way is 
simple, plain and direct, but we sometimes follow 
a devious path before we reach understanding. 
Those nations who follow nature’s laws most 
closely are bound to become supreme — supreme 
in their modesty, supreme in their honesty and 
humble before nature’s altar. Again I ask you, 
consider the rainbow. Ss 
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Induction hardening (Tocco 
process) is ordinarily per- 
formed on smooth cylindrical 
surfaces with alternating elec- 
tric currents of moderate fre- 


quency —- about 3000 cycles per 


sec. Hardening of internal bores, 
as achieved by Budd Induction 
required fre- 
quencies some three times as 
great, and current of this nature 
has permitted the Caterpillar 


Heating Co., 


Tractor Co. to harden >, 
shaved teeth, with practi 
no distortion, on large 
gears for heavy tractor ¢, 
Strategic alloy is saved gn, 
more durable gear is produc, 


er 
} 


CASEHARDENING LARGE GEARS 


WITH HIGH FREQUENCY CURRENT 


By GLEN C. 


Caterpillar 


Chief Metallurgist, 


RIEGEL 


Zractor Ce., 


¥ “CriticaAL Points”, the Editor’s department 
in Metal Progress for December 1942, is 
described the system of metallurgical control of 
purchases enforced by Caterpillar Tractor Co., 
and the following conclusion was stated: “An 
organization grounded in such a metallurgical 
tradition will have the boldness to convert a 342% 
nickel steel gear to a plain carbon steel, even 
though it involves a three-year development pro- 
gram costing $500,000. Right now, however, this 
one item is saving 144,000 lb. of searce nickel 
every year.” The aim of the present article is to 
describe that major conversion in more detail. 

The part is known as the “Final Drive Gear” 
on our model D-8 tractor. It is an important part, 
as it is the final link in the chain of power 
between the engine and the main sprocket that 
meshes into the track chain. The D-8 tractor 
itself is a powerful machine, weighing 172 tons 
in its peacetime embodiment, and is adaptable to 
many military uses demanding strength and rug- 
gedness; 113 draw-bar horsepower is transmitted 
by the gear under consideration. 

It is obvious that any change in the final 
drive gear could not be tolerated if it would 
imperil the performance of the tractor and the 
reputation of the builder. Even in wartime, any 
debasement of quality in such a vital part could 
not be classed with such changes as, for example, 


the replacement of a stainless steel drain 
with one of common iron whose corrosion \ 
cause only minor inconvenience and small del: 
Gears, shafts, and track links are subjected | 
unpredictably high and sudden peak loads, 
demand steels capable of resisting sudden fail 
Failure of such parts, if made of a subs! 
tute, would seldom be in the nature of more rap 
wear and consequent lessened life, but almos 


always would consist of sudden breakage ot the 


machine element, tying up of vital equipment 


much loss of time and a very considerabl 


replacement expense. To permit such a sacrifi 
of the quality would be a distinct dis-serviee! 
those whose operations, and even lives, # 
dependent on the successful performance of those 
machines. 

Now to return to the specifie problem: 

When the 
engineers realized from previous experience tha 
a final drive gear of the size required for this 
our largest tractor, could not be produced by ® 
known method of hardening sufficiently free fr" 
distortion to give good tooth bearing. In carbu 
rizing, or directly hardening large g* 
steel, we invariably obtain the “! 
“barrel-shaped”, or “leaning-tower” « 
teeth. This naturally produces a ¢ 
bearing on one end or the other, resu 


irs ol all \ 
sur-glass 
Tect in th 


cent! ‘ts 
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D-8 tractor was designed, 
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ind fatigue fracturing of teeth, the usual 
ses of mature gear failures. 
ro correct the poor bearing, resulting from 


rtion heat treatment (prior to hardening 
. electrical induction), we left sufficient stock 
the teeth to finish the tooth form by Fellows 
bhaping. This required special machines and was 

: tedious beeause of the final hardness of the 

» gear, which was necessarily a compromise 
hardness and required some sacrifice in wear 
sistance of the gear. 

The gear, as shown in the illustrations, is a 
rye one, 25.7-in. pitch diameter, 5-in. face, cut 
‘th involute teeth of 0.514-in. chordal thickness. 

ts original embodiment it started as a 350-lb. 

tof SALE. 2345 steel nickel), which 
s upset and rolled by Edgewater Steel Co. in 
chinery suitable for making rolled car wheels. 
his rough forging was normalized by heating 


Shr. at 1550° F. to 187 to 217 Brinell hardness, 


| was then ready for rough machining for 
ontrol dimensions and oversize tooth form. 
rhe hardness 
|, between machinability and wear resistance 
was achieved by an oil quench from 1440° F. 
heating was done in an atmosphere furnace to 
id seale), followed by a tempering that 
ught the Brinell hardness down to the range 
468 to 415 (approximately Rockwell C-40). 
ler this treatment the teeth were finished on a 
lows shaper, the bore sized, and the bolt holes 
frilled and reamed to register a dowel fit. 
lt will be observed that this practice had 


a compromise, as has been 


rt 


Fig. 1 


little that is new to those who favor oil quenched 
(through hardened) gears rather than carburized 
(surface hardened) From a_ production 
standpoint there were two major things wrong 
with it: In the first place it used large quantities 
of expensive steel; annual production even in 


gears. 


peacetimes would consume nearly 100 tons of 
alloying nickel in these parts. In the second 
place, accurate gear cutting at a hardness level 
of 400 Brinell was not only a slow process with 
large and costly machinery, but the cutters would 
stand only four gears per grind. 

Even more disturbing was the fact that these 
expensive gears were not good enough. They 
would rapidly wear in heavy service, and the cor- 
rect involute contour was soon destroyed. On a 
gear testing machine, pits would appear at the 
pitch line after 100 hr. at full load. Since pits are 
an evidence of fatigue failure, it was apparent 
that the gear teeth were not strong enough at 
their working surfaces. Strength could not be 
increased, however, without increasing the hard- 
ness, and the hardness was already at the machin- 
able limit. An alternative, of course, was to raise 
the hardness and grind the teeth to final contour, 
but this was rejected on account of the excessive 
cost of the required machinery and its operation. 

Management of the Caterpillar Tractor Co. 
had decided by 1939 that something drastic had 
to be done to improve the life of this vital part. 
The metallurgical department realized that the 
problem could be solved if a higher surface hard- 
ness could be given the finished teeth. A change 


800-Hp. Motor and 500-Kw, Alternator (Both Totally Enclosed 


and Hydrogen Cooled) for Generating Current at 9600 Cycles per Sec. 
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to a carburized gear was indicated, 
but experience, backed up by some 
supplementary tests, indicated that 
this particular gear would likely dis- 
tort so much during the carburizing 
cycle that it could not be straightened 
out satisfactorily in the quenching 
fixture, and that subsequent grinding 
(almost a prohibitive operation from 
a cost standpoint) would cut away a 
lot of the case on one tooth and a little 
on another, and the resulting irregu- 
larities in case depth would show up 


later in erratic performance in service. 

The alternative was to select a 

steel which had sufficient strength and 

toughness in a stress relieved and 

machinable condition, machine such 

a forging accurately, then harden the 

surface of the teeth by inductive heat 

(Tocco process). We had little doubt 

that a suitable steel could be provided; we had dor’s price, quality, capacity and service we 
more misgivings about various details of the heat wholly satisfactory, a second source of sw 
treatment. has been developed and maintained as an ev 
In adopting changes in design and especially measure of protection. To that extent “Cate 
changes in materials used in its products, Cater- lar” may be said to have anticipated some o! 
pillar Tractor Co. has been in a most favorable — difficulties arising from a war emergency. \\ 
position by reason of a company policy long pur- studies of alternative materials, however, | 
sued. This was a program of avoiding the diffi- been prompted by a continuing desire to! 
culties that might arise from dependency on a better products —- when possible, at a lower | 
single source of supply, except in cases where This has turned us to steels of various com 
that was unavoidable. Even where a single ven- tions, subjected to various methods of heat 
ment. Intensive st 
Fig. 3 Preheated Gear Is Indexed on Table (in Raised Position) so Teeth in that direction 

Will Register With Quenching Ports. Duplicate fixture and much other started more than a « 
equipment for induction hardening furnished by Ohio Crankshaft Co. ade ago. Between 
time and the pres 

sample parts made ! 

alternative materials} 

been tested in mach 

subjected to many 

sands of hours ol ree! 


Fig. 2-- Crowned Gear Run Against a Master Pinion 
and “Blued” at Tooth-to-Tooth Contacts, Thus Prov- 
ing Central Bearing. About two-fifths natural six 


and severe work in! 
field. 

Such studies he 
convinced us that il 
better to know what se 
ice any machine p# 
must withstand, and pr 
vide material thal ™ 
perform that service, (haa 
to assume that onl 
material of a given che 
ical composilion will ® 
satisfactory. In 
words, we [ong 
adopted the piano! 
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each heat of steel by its physical properties, Induction Heating Co. of Detroit was engaged in 


doing this within the 48-hr. period required an interesting development wherein the bore of a 
r pit cooling a high grade billet, and siving the wheel hub was being heated by an inside inductor 
ill a prompt “go-ahead” or “divert” signal. rather than its outer surface by a surrounding 

Likewise we had ample and_ satisfactory inductor, and which required to a striking 
perience with induction heat for surface hard- degree the surface effect we were seeking. For 
‘ng. As early as 1938 a machine for hardening that purpose Westinghouse had built electrical 
ck pins was installed; now, 16 complete induc- equipment rated at 500 kw., 800 volts, 9600 
hardening units are scattered through the cycles, and through the cooperation of H. E. 
oduction lines. With their help heavy shafts, Somes, chief engineer, we were able to use this 
awbar pins, push rods, and other power plant long enough to convince ourselves 
afts, formerly made of alloy steel, are now that 9600-cycle current would give a sufficiently 
nde of carbon steel. We were fairly sure that uniform heat effect along the tooth faces. 


plain carbon, fine grained steel, containing 
out 0.45 f carbon, would earry the loads, would Heavy Electrical Equipment Needed 
tough enough to stand the impacts, and could 


hardened satisfactorily. Such studies as those After these successful experiments a dupli- 
lined by Messrs. Vaughn, Farlow and Meyer cate equipment was ordered for our Peoria plant. 
Caterpillar Tractor Co.’s metallurgical staff in It consists of an 800-hp. motor, direct connected 
paper entitled “Metallurgical Control of to a high frequency inductor generator, both 
luction Hardening” presented to the 1941 @ hydrogen cooled to reduce size and improve 
wention, proved that alloying elements such efficiency. (See Fig. 1.) It runs at 3600 rpm., 
nickel and chromium were wholly unnecessary such high speed being about the safe limit for the 

a maximum surface a matter centrifugal forces generated in a rotor of required 
hich is primarily related to the carbon content. size. Four banks of capacitors are installed along- 
Bepih of hardening, of course, is increased by side to improve the power factor, and clever con- 
presence of alloys, but gear teeth require trol equipment, housed in a steel cabinet, insures 
Bperficial hardening only —- say, a hardness of an automatic regulation of current at all times 
-) or more for a depth of 0.125 to 0.150 in. during the heating cycle by adjusting the current 
mur experience indicated that this can be achieved in three steps as the metal in the gear’s surface 


my induction heat; the 
meating cycle is so short 
at there is little or no 
mme for undesirable 
Brain growth or for sur- 
ace Oxidation. 
However, all our 
juilpment was designed 
r rather small parts of 
ylindrical contour. The 
wirious machines oper- 
ted at the more-or-less 
mandard frequency of 
9000 cycles per second. 
pe felt that considerably 
Bigher frequency would 
needed to produce a 
measonable thickness of 
Bardened metal at the 
bot of the tooth. In other 
words, the higher the fre- 
leney the closer the 
¢ rrents hug the 
Burface. |ollowing any 
regular , i\tours, 
= Forty tely at about 
pat san time Budd 
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Fig. 4 After Heating Cyele, the Gear Is Again Indexed, the Table 
Lowered Into the Quenching Fixture, and Sides of Teeth Are Hit 
by Individual Sprays of 10-Lb. Water. View shows the very begin- 
ning of the quench. After quenching, the table ts raised to 
loading position and hardened gear removed to tempering furnace 
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passes through the transformation range and 
loses its magnetism. Electrical details are out 
of place here; interested readers may refer to the 
article by Mr. Somes and discussion by C. E. Levy 
of Westinghouse Electric & Mfg. Co. in Iron & 
Steel Engineer for July 1941, page 39. 

It would be tedious to relate all the trials we 
made to secure the best combination of opera- 
tions. Briefly, the routine of production of the 
final drive gear is as follows: 

The billet of S.A.E. 1045 steel (no alloy), 
after pasing metallurgical inspection, is upset and 
rolled into a ring forging as before, normalized 


Fig. 5-—— Hardness Survey (Rockwell C Scale) of Hard- 
ened Tooth, Sectioned on Center. Magnified 2%4 diameters 


at 1600° F. to a Brinell range of 179 to 217, and 
rough machined. Then the part is given the 
“core treatment”. Water quenching from 1500° 
F. will cool it at such a rate that the structure is 
sorbitic (a fine pearlite, which has excellent 
strength and toughness, and also has the carbides 
so finely diffused that they later go into solution 
in a few seconds when the surface layer is 
heated). After a high draw, to Brinell 197 to 
229, the internal stresses are reduced to a low 
figure, and the principal physical properties by 
conventional test methods are: Ultimate tensile 
strength, 110,000 psi.; yield strength, 70,000 psi.; 
elongation in 2 in., 22°; reduction of area, 50%; 
Charpy impact (keyhole notch), 24 ft-lb. All the 
foregoing are minimum values. 

Machinability is also excellent. Finish 


machining is done on locating surfaces, the teeth 
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are hobbed, and then crown shaved hat is. , 
into a slight barrel shape, some 0.00» jp. thicke: 
at the center on the pitch line than at the edge 
a shape that does much to avoid edge bearip 
tooth to tooth and consequent ruino: concent; 
tion of stress. (See Fig. 2, page 80, for smudg, 
marks when run against a master pinion 
Completely machined gears are thep pre. 
heated to 600° F. in a forced convection furnae. 


ready for induction hardening. The fixture, shoy 
in Fig. 3, page £0, consists of a horizontal ta) 
which can be turned on a vertical spindle, ang 
which the preheated gear is accurately indey 


so the teeth will be registered later wi 


quenching ports. The table then lowers ab 


inductor coil, which it clears by 


switched on (all sequences are 
after the button is pushed once). 


sure (temperature 75 to 90° F.). 


i 


6 in. bringing the gear within the surroundin; 


in. TI 


table starts rotating and the current 


automat 
Withir 


it will be noticed that each side of each t 
is hit by a series of water jets at 10 lb. pre 


sec., during which time the table is turning 
equalize any irregular heating, there is 
hot rim that hugs the surface; the current 
then switched off and there is a delay of | 
sec. to allow a little heat to soak deeper 
minimize the heat gradient of case to « 
During this time the table is brought to a st 
and again indexed, then lowered 
quenching fixture immediately below. 
of quenching is shown in Fig. 4, page 41, 


int 


Quench 


time is 34 sec.; floor-to-floor time about 4 n 
It will be noted that whereas the us 
Tocco hardener has a combined inductor bloc 


and quenching fixture, the delay between « 

of heating cycle and beginning of quench pe" 

mits us to separate these two functions, wil’ 
consequent simplification of the inductor desig! 
Lastly the gear is tempered for 1 hr. al 300° | 
bringing the surface hardness to within limits 
C-50 to 60, the hardness of C-50 penetrating | 
0.125 to 0.140 in. at the pitch line, all as shown 
the adjoining Fig. 5, a hardness survey typic®! 
gears in production. Lastly the center and! 
circle is located from the pitch diameter, and the 


holes drilled. 


Of all the metallurgical problems connec 


ted 


with this development, the hardest one to se! 
was that of quench cracks at the rool 


teeth. It took about a year to solve this problem 
chemistr 


and to define the safe limits of bas 


of th 


and hardenability. While the steel falls with 
the classification of plain carbon steel, !.4° 


vs usuall’ 


bon, maximum limits for tramp al! 
observed are 0.10% Cr, 0.15% Ni, an 
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sts for harden- 


However 
bility a! notch-bar tough- 
ess would catch any less 
favorabl nalysis. 

Usual tests for cleanli- 
ness and freedom from segre- 
gation al performed all, 


< usual in “Caterpillar” 
ractice, before each heat of 
is released for rolling 


steel 


nto billets for this part. 
Hardenability restric- 
tions are precise. We find 


hat any steel of hardenabil- 
ty greater than 47 Rockwell- 
nches* will crack at the 
teeth roots; any steel of less 
than 40 Rockwell-inches will 
not harden to the required 
lepth (C-50 to a depth of 
1.125 to 0.140 in. at the pitch 
ne). Such a control of hard- 
nability is exceedingly valu- 
ible, since it simply and in 
ne test evaluates a large 
umber of obscure factors 
elated to composition and 
miero-grain size. Even with these precautions 
the 600° preheat has been of great advantage in 
woiding warpage (gear going out of round) and 
n helping the quench-cracking problem; our 
‘periments indicate that the stress gradient, 
enter to surface, is decreased about one-third. 
Final drive gears made of plain carbon steel 
n the above manner have been in duty for over 
'S months. Experimental work was completed 
n 1940 and equipment ordered. The proof gears, 
sely watched in most severe service in lumber- 
ig, gave entire satisfaction, so the proportion of 
ew-style gears mounted as rapidly as manufac- 
‘uring equipment could be installed, over 6000 
having been so hardened to date. Conversion has 
deen complete for about 10 months, and the prac- 
ice is being extended to other models. 


*Rockwell-inches as a measure of hardenability 
“as proposed to the 1937 @ Convention by Burns, 
‘sore and Archer in a paper entitled “Quantitative 
‘ardenability’. The test is made on a normalized 
“i. round bar of steel, 4 in. long, heated 40 min. in 
pen muffle to quenching temperature recommended 

© Metals Handbook, quenched in water at 70° F. 


“ars are then cut in two, transversely, with an abra- 
ive whee! ire surface ground flat, polished to 250 
: ain “uncum, and hardness surveyed, surface to 
‘\ockwell-inches” is defined as the area 

the \ardness-penetration curve down to zero 
| the ( For a 1-in. specimen this is the same 
sho ay e hardness of the test piece, surface to 
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Fig. 6 — Transverse Section of Tooth (*% Size) Etched to 
Show Hardness Pattern Achieved by Induction Hardening 


Many advantages can be cited, but the prime 
one is that premature service failures of final 
drive gears in D-8 tractors have been stopped, and 
the new-style gears accumulate more service 
hours than the prior types. Some of this is due 
to the improved tooth form, which eliminates the 
edge and corner bearing, tooth to tooth, and 
adapts itself much better to minor misalignments 
due to tolerances in fit or elastic movements 
under load. However, it should be remembered 
that this crown on the gear teeth is only possible 
because it can be cut into the steel in the soft and 
machinable condition, and this form maintained 
during heat treatment. Out-of-roundness of this 
2-ft. gear after the surface is inductively hardened 
is on the average 0.007 in. at pitch diameter. 

From a cost standpoint the following remarks 
can be made: Each gear of 1045 steel saves 13 Ib. 
of alloying nickel. Whereas four hardened alloy 
steel gears would wear out the shaper tools, the 
crown shaving tools last for hundreds of hours, 
producing 10 complete gears every 8 hr. 

From a test standpoint, the old alloy steel 
gears were pitted after 100 hr. at full load. The 
new gears will operate for 3000 hr. under the 
same conditions and at the end of the time the 
fine marks left by the shaving tools are still 
visible. In fact, the dynamometer tests show 
that the carbon steel gear wears out the nickel- 
molybdenum S.A.E. 4820 mating pinion. ) 
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EMINDED of the well-known incriminating 
R question “Have you stopped beating your 
wife?” by the receipt of a questionnaire from 
some self-styled fact-finding organization: “What, 
in your opinion, is holding up the production of 


war materials?” and responded “How do you 
know production is lagging?” for numerous 
observations in many states as well as daily 


announcements of Army-Navy “E” awards for 
excellence in production prove that war materials 
are being produced, sometimes in greater volume 
than can be moved to the front. Likewise, unbal- 
ance of consumption and supply 
of iron, copper, aluminum, is due 


Americans _. 

ll in no small measure to unex- 
are reany pectedly large production from 
producing the new munitions plants. True, 


there are some surmountable 
obstacles, and here and there are trouble makers 
and sore spots, but generally the condition is as 
represented by the foundry industry, producing 
at least double the tonnage from old plant despite 
the draft of many skilled men and supervisors, 
and hand-to-mouth supply of raw materials. So 
was reinforced in this main conclusion that the 
American metallurgical industry — even in the 
smaller units——is meeting its obligations by a 
brief visit to General Alloys Co. in Boston, and 
observing how the foundry had bulged out, fore- 
ing all auxiliary departments into surrounding 
buildings —- mostly old tenements and lofts.... 
Harry Harris, president of the company (that 
human dynamo with many ideas), believing that 
the war will last so long as to fray men’s nerves, 
has equipped a downtown office in a studio build- 
ing, where engineers, salesmen and customers 
will work in restful surroundings reminiscent of 
pre-Hitlerite peace, comfort and quiet. Discussed 
with him the critical problem of tubular alloy 
retorts for magnesium reduction by ferrosilicon 
(the Pidgeon process which operates in a vacuum 
at 2050° F.) and agreed that in this case true 
economy of alloy and (better) greater and steadier 
production of magnesium, would be achieved by 
closer control of the heating furnace, proper 
support of the 10-in. tube, and a reduction in wall 
thickness from 14x to *s in., the former having a 


CRITICAL POINTS 


By the Editor 
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disappointingly low life... .Foundry practice 
high alloy, heat and corrosion resistant oe 
ings naturally involves many special operat 
“Secret” of casting thin-wa)): 
pots and heat resisting parts js 
use rigid, solid patterns, s 
steel flasks, everything lined 
accurately and held so by cls 
fitted dowels. “Secret” of | 
life of heat treating equipment that is periodica 
cooled is a design, a furnace and a heating cy 
in use that avoid rapid heating or overhea! 
of a portion of the alloy part, and a metal th 
resists fatigue from rapid change in therm 
stresses —-in other words, a design that is {n 
from stress raisers and a metal that is free fr 


Secrets of 
high alloy 
founding 


inclusions. Melting in a quiet shallow buat 


(sometimes teaming-up induction and are [i 
naces in duplex operation), and handling of : 
molten metals in preheated teapot ladles th 


provide three chances to skim, will cut down sl 
inclusions in the castings; sand inclusions 


combatted by all methods well known to found: 
men to prevent mold wash. Chills are used 
molds not so much for soundness, which 

generally be had from proper gating, but to pr 
duce finer grain structure and better fatigue 


MPRESSED by the enormous amount of Wr 
behind the Curtiss Inspection Manuals, ! 
looseleaf books issued by the Quality Departme 
of Curtiss-Wright Corp., but readily agreed th 


they save much trouble in the end, what with 
necessity of uniform procedure in the vari 


plants and their subcontractors. Likewise, ! 
number of inspectors is staggering, one to eve! 
20 “productive” workers, and the educational 

turnover problem makes 


Value of formity still more difficu® 
Lastly, means must be devis 


detailed for notifying all concerned ab 
imspection changes in details of construc! 
manuals and, at times, major changes " 
shop practices due to entit 
changes of models or of materials. For ex#™? 
SIDNEY SHERIDAN, chief of the materials abe 
tories in the Buffalo plant, has 10) pas® 
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wor 


voratory procedure, Especially detailed 
~» the pages on “Control of Torch Welding”, 
escribi principally the qualification and cer- 
‘ sireraft welders. The nature of such 
ed in the governmental specifications; 


standal 


ficatlol 


1S 

Sheridan's improvements consist of precise 
structions on grading and assessing demerits to 
ich aspect of each type of weld, whereby the 


-elder’s relative excellence in per cent of perfect 
nn be computed....Surface treatment in the 
Curtiss Buffalo plant is a major problem, as well 
sin any other using such quantities of alumi- 
On the one hand, surfaces must be cleaned 
meticulously of heat treat- 
ment film prior to welding; 


um 


Speedier 
f on the other hand, an oxide 
suriace 
coat on completed units must 
treatments be built up, in order to resist 


onaluminum — corrosion. Anodic coating of 
bare duralumin gives good 
rotection, but it requires that each piece be 
ndividually mounted and electrically connected 
»arack-—a most laborious proceeding. Conse- 
juently, anodie coating is almost completely sup- 
lanted by the Aluminum Co.’s very rapid 
ilrock” process, wherein parts are loosely racked 
even held in baskets), cleaned, a very thin sur- 
we oxidized by chemical treatment, and the 
uting then impregnated with sodium dichro- 
ile a corrosion preventive which inhibits the 


pharmful effects of any moisture that may pene- 


‘rate the final paint coat. All operations are 
arried on in oversize tanks, some 4x4 ft., 20 ft. 
ng ...Also observed two interesting small hard- 
ess testers for sorting hardened from soft alumi- 
Both use the indentation principle, 
vherein the indenter is forced into the metal 
surface by a precision spring. One of the devices 
‘ known as the “Barcol Impressor” (made by 
jarber-Colman Co. of Rockford, Ill.). When used 
it the bench it is hinged at the back, raised and 


lum parts. 


lowered by a foot pedal on the work to be tested, 
and the depth of impression is automatically 
registered on a zero-to-100 dial gage calling to 
mind the Rockwell hardness tester. The other 
-known as the “Webster Gage” and made by 
R. A. Webster of Santa Monica, 


Calif. — is in the form of husky 
Iwo new 

ae pliers, and so can be carried to a 
ae completed ship and test any piece 

testers the jaws can grip. The indenter 


in this case is four-toothed; hard 
material shows one tiny impression, not-so-hard 
material shows a second small dent alongside, 
softest material has the mark of all four teeth. 
(Instruments with dials marked 1 to 4 are also 
available.) Unfortunately, however, both these 
testers are of doubtful value on alclad thicker 
than 0.040 in., for the soft surface layers of pure 
aluminum are then thick enough to mask read- 
ings which should push through to the harder 
core to mean anything. 


ROM Cleveland to Canton, on over-crowded 
F and belated bus, as guest to the annual din- 
ner of the Electric Metal Makers Guild — that 
truly technical organization whose meetings are 
off-the-record and reserved to members and whose 
membership is reserved to electric melters. 
Reminded that importance of this group is inverse 
to its size, for just now the four-fold capacity for 
electric steel (as measured by American peace- 
time demands) is reserved for such exacting 
specialties as guns, bearings, aircraft, and air 
And as to guns, Colonel STEVEN 

CONNER, commandant at Water- 

vliet Arsenal, said that we are 

making more artillery in the 
safe for us, 

United States every month than 
deadly to we ever before did in a whole 
the enemy war. Likewise they're bigger 

and they're good; so far there 
has not been a single gun blow up in action! 
(Last war, the Germans lost about 25 guns -— and 
gun crews per million rounds.) Confidential 
discussions by Guild members, naturally, dealt 
with the maintenance of perfection despite ever- 
decreasing quality of raw materials, refractories, 
and labor. That privacy, which is so necessary 
for frank discussion of techniques, unfortunately 
prevents proper exploitation of the Guild itself, 
and retards a wider appreciation of its importance 
by the managerial end of the steel industry, for 
methinks many of the compliments tossed by the 
Army and Navy to the American Iron and Steel 
Institute at its recent New York meeting should 
have been fielded right on over to the melters in 
the electric steel shops. 


engine parts. 


Big guns— 
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This short paper follows the line tests, as well as the relatively table is impossible ‘o cons, 
of a 10-min. contribution to one new and special Barcol and Rather each individual ~ 
of the round table discussions Webster testers described inthe department should wor, 
at the last @ convention. It cites “Critical Point” on page 84, conversions which appl 
the precautions necessary for and then goes on to give reasons the particular alloy, gage 
using the standard hardness why a universal conversion temper it is working pj 


HARDNESS OF ALUMINUM SHEET 


(tests and conversion charts) 


By RICHARD L. TEMPLIN 


Assistant Director of Research and Chief Engineer of Tests, Aluminum Co. of Amens 


MONG the hardness tests which may be of troubles experienced with hardness tests 
A applied to aluminum sheet are the Brinell, aluminum (and doubtless in other metals as we! 
Rockwell, Vickers, Barcol, Webster, and Shore. result from a lack of appreciation of these ts 
Of the six hardness tests mentioned the first five salient points. 
are all essentially static penetration tests whereas 
the sixth is a type of impact test, but the remarks Factors Affecting Test Results 
to be made concerning their uses and limitations 
will also apply to other similar tests that might Let us first consider briefly the factors ale 
be used. ing the test results. 

In making the Brinell, Rockwell, Vickers, and Experiences of many users of these hardaes 
Barcol tests, a load is imposed on a penetrator — tests on a wide variety of metal products } 
of given size and shape and the resistance to clearly shown the need for close adherenc 
penetration (hardness of the specimen) is _ definite procedures in carrying out the tes! 
obtained as a numeral representing either (a) the satisfactory results are secured. Because of th 
unit resistance (load divided by area) of the standard or tentative standard methods have b« 
material or (b) the depth of the impression. In adopted for the more widely used tests suc! 
the Webster hardness tester the number of visible the Brinell and Rockwell. These speci!) 
indentations, 1 to 4, is simply noted. In the Shore verification of loads, the size and shape o! p 
test a small tup having a given contour on its trators, and the duration of load application. > 
lower end is dropped from a _ specified height for example, A.S.T.M. specification E18-39! 
onto the specimen and the height of rebound, as — Rockwell Superficial Hardness Test. 
determined by an arbitrary scale, is taken as the The proper surface preparation o! test 5 
hardness of the material tested. mens, while important in many aluminum }! 

While any one of these hardness tests can be ucts, does not require much attention wh 
used on sheet aluminum, satisfactory results testing aluminum sheet for hardness. A" °" 
require careful consideration both of the factors tion to this statement is sheet which has a“ 
affecting the test results and of the use to be anodic coating. Such a coating affects the har 
made of the data obtained. By far the majority ness values obtained, depending upon the th 
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Mickness of the sheet, with 


S. will decrease in Brinell 


dness of the coating as well as the 
irdness test used. 


ss and 


rticulal 
Variations in the thickness of aluminum 
et affect hardness values in two ways. Since 
B.. thickness of the test specimen should not be 


- than about 10 times the depth of the impres- 
». it is necessary to select a suitable load- 
netrator combination which will comply with 
Bis requirement. Secondly, 
® the case of alelad alumi- 
ym sheet the thickness of 
layers is 


Me surtace 
Biended to be a constant 


ercentage of the over-all 


Be result that the thickness 
Bf the layers increases with 
He specimen thickness. 
Bince the cladding is soft, 
pure aluminum, it will 
Mherefore generally be found 
Bhat the observed hardness 
Bf alclad sheet of a given 
fypeand treatment decreases 
&< the thickness of the sheet 
Increases. For example, 
Biclad 24S-T sheet varying 


m thickness from to 


hardness range from 40 to 
5)°-, depending on the com- 
ination of load and ball- 
Bize used. 

In measuring the hard- 
bess of any aluminum sheet 
tureful attention should be 
given to the method used 
for supporting the specimen. 
Phis is particularly true for 
the thinner specimens. The 
burface on which the speci- 
mien rests should be flat and 
Smooth, and the support 
self should be so designed 
and in mechanical 
fondition that no movement 
othe specimen will occur during the test. The 
‘specimen should rest solidly on the support 
“irectly under the penetrator. 

\luminum sheet is furnished in many differ- 
ent alloys and these in turn in different tempers. 
The alloys are the result of different chemical 


such 


ne 


-OM] is. The tempers are obtained by vari- 
ees amounts of cold working, different heat treat- 
mer 

its, ‘'y a combination of heat treatment and 


cold 
if \ ne 

N ng. As a result there is available a 

' y of combinations of tensile strength, 


yield strength, and elongation, as well as pro- 
nounced differences in work-hardening capacities 
of the sheet. These facts, therefore, suggest what 
will be emphasized later, namely, that we should 
not expect to find any generally applicable and 
simple relationship between hardness and the 
other mechanical properties such as_ tensile 
strength. 


“Watchdogs” Is the Title of this Photograph of Hard- 
ness Testers at Jessop Steel Co., Taken by T. S. Fitch 


Uses of Hardness Data 


Since there are available so many different 
hardness tests together with many combinations 
of load and penetrator (as exemplified by the 
Rockwell test), and since it is unusual for a 
laboratory to possess all kinds of hardness testing 
equipment, there has arisen a demand for suitable 
conversion tables which will permit of translating 
hardness values obtained from one of them into 
corresponding values which might be expected 
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from another. The most optimistic of those 
interested in such conversion tables have hoped 
that a single table would cover all hardness tests 
and all metallic materials. Relatively little inves- 
tigation is required to demonstrate the futility 
of attempting to prepare such a conversion table. 
Further investigation results in separating cast 
from wrought metals, then ferrous from non- 
ferrous, and subsequently the consideration of 
only one alloy, temper, and form of product, for 
most satisfactory results. For example the hard- 
ness conversion chart devised by Scott and Gray 
on page 524, Metal Progress for October 1941, 
applies only to hardened steels; the one on page 
239 of February 1943 does not apply to all brasses, 
only to 70 Cu, 30 Zn or cartridge brass. 

Many, perhaps most, of the penetration hard- 
ness tests have limitations imposed by variations 
in the geometry involved in using various com- 
binations of loads and penetrators. For example, 
in the Brinell test, when the ratio of load to the 
square of ball diameter varies, the resulting 
hardness values vary with the work-hardening 
‘capacities’ of the specimens. This difference in 
geometry also affects the comparison amongst the 
different kinds of hardness tests. For instance, 
an accurate comparison of Brinell hardness with 
diamond pyramid hardness is possible only when 
the Brinell ball impression is about three-eighths 
the diameter of the ball. When this ratio has 
this value, the amount of strain-hardening that 
occurs when making the Brinell test is substan- 
tially the same as obtains in making the diamond 
pyramid hardness test. 

These facts, together with quantitative data 
showing the discrepancies in certain conversion 
charts pertinent to these hardness tests, have been 
ably presented by Robert H. Heyer, metallurgist 
for American Rolling Mill Co., in hi: recent paper 
on “Hardness Conversion Relationships” before 
the A.S.T.M. (Vol. 42, 1942, p. 708). This same 
paper discusses conversion data for certain Rock- 
well scales that might be used in testing alumi- 
num sheet. 

Another commonly attempted use of the 
hardness test is for estimating the tensile strength 
of wrought metals. In some instances this has 
proved quite satisfactory, and has fostered the 
idea that i, should be applicable to all wrought 
metals. Relationships between tensile strength 
and some of the hardness tests have been deter- 
mined which would appear, tentatively, to be 
satisfactory for a few of the different kinds and 
tempers of aluminum sheet. The investigational 
work done so far has shown that the ratio 
between tensile strength and Brinell hardness for 
the various kinds of commercial aluminum sheet 


varies from about 470 to 640; in the case of 94 
sheet, however, the ratio of 600 appears , 
satisfactory results if the other factors jp) 
are accorded proper consideration, 

Since there is a wide variation in pa 
fatigue strength to tensile strength throug 
the various kinds of aluminum sheet there 
simple relationship which will permit any } 
ness test to estimate the fatigue strength of 
minum sheet. The same can be said fv, 
shearing strength of aluminum. 


Check on Heat Treatment 


Occasionally it is desirable to use hard 
tests for determining whether or not alumi 
sheet has been fully annealed or properly | 
treated. If the type of alloy is known ther 
usually no question about any of the hard 
tests being satisfactory for determining the | 
that the material either has been annealed «0; 
annealed, heat treated or not heat treated 
reasonable care is exercised in making a Bri 
or Rockwell test, the results obtained sh 
indicate within acceptable limits whether o 
the heat treating operation was properly ( 
On the other hand, if an attempt is made to! 
upon any hardness test to determine whethe: 
not aluminum sheet meets guaranteed minin 
tensile properties, a doubtful answer maj 
expected, particularly if the material has pro, 
ties near the limits specified. However, som 
the hardness tests, particularly the Rockwell 
Brinell, are quite satisfactory for checking 
vidual sheets which are to be used in a dra 
or forming operation, for the purpose of cate! 
olf-temper samples. With proper attention ¢ 
to variations in hardness resulting from di! 
ences in thickness of sheet, this use may als 
extended to alelad sheet with satisfactory res 

Another use of hardness tests is found 
separating mixed lots of aluminum sheet o! 
ferent kinds or tempers. This can be done 4! 
satisfactorily if there are suitable differences 
the hardness values of the varieties of s 
involved. The Webster and Barco: hardie 
tests are particularly useful for this purpos 
account of the facility with which they « 
used under various plant conditions. 

In view of the foregoing remarks 1! 
gested that the best results will be obtained 10" 
application of hardness tests to aluminum s* 
where the parties directly interested in thet! 
work out their own conversion tables and fa! 
for the specific problems encountered ™” 
than ask for tables for all kinds and thieknes 
of aluminum sheet. 


) 
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Society, June 1942; Modern Electroplating: (12) p.239 (15) 278i (14) 2.279; (15/2. 281; (16) 0. 2835 (17) 2. 293; 
7) D. 333; (20) 3496; (21) 388; (22) 3668; (23) 389; (24) Steel, Novernber 9, 0.80 (1942); (25) Bray and FR Morra/l The 
tment of Metals.-A.S.M 1941, 108; (26) WS Loose, Nicke/ Prating Magnesium Alloys. Trans. Electrochem. Soc. 81,1942), 

Bowen and 1. / Gilbertson. The Electrodeposition of Silver on 


electroplating of metals a standerd procedure has to be followed This consists of 4 fundamental steps. (25): (1) 
‘ the surface to be coated. (2) Activation of this surface. (3) Actual coating. (4) Finish of the coating. The details vary for 
nétals. Some electrodeposits do not adhere ai 
the coating 
Pint 30, auction 


vg 


(26, 27) 
Nes 


~ympiled FR. Monreal ELECTROPLATING METALS Sheetll of 2 
nt \Vollage, | Current | 
Plating Solution; el Thickness 
Meta par Lier Anodes Yo ts Yermp,c pH Coating Uses Ret 
ead 300 100% \upto127mm\ Barrel or still 
tip 50% HF 480 26 plating 10 
HsBO; 2/2 (av 3.2) 
Give Q2 
Pb 75 054 | Q1 |35-40 100 % Cheap for large 
Total fluosilicate 150 to to scale aperetions. 
Ge 8.8 02 Decamposes €38i/y 
Sulfamate Pb process Q5 to \7a) 35-8 | 25-50 | 13-20 | 100% Lubricant inwire 
Sp gr sain. 30°Be 45 \(b)9-14 fav. 15) Or awiNg. 
Nowe! | NiSQ4.7HO 240 97 % 15-30 Bright Ni deposits: 
NiCh.6H,O 45 Ni, rolled 45-568 grain size less 
HsBOs 30 aepolarized | 43 43 90-100 than | l2 
Anti-pitting agent 26 
lDetinum | NHyNOs 100 Pt Use nickel 
| NaNOQ2 undercoat 13 
16.5 
NH4 OH (28 %) 5O O44 | 24 64-7 
Palladi PdCh.2H,O 37 Pt or Pa Plate airectly, or 
| | NazHPQ, 100 Q2-03| 1-2 | 50 | 7 over flash Ni 
| | 20 undercoat 
CrH6Q02 25 
Rhodium | (conc CP) 20Cc. Insol Use bright Ni 
Rh. metal preparation Pt undercoat 
| (Concentrated Solution) 2 40-50 IS 
HsPO; (ortho) 85% 40 Gc. 
Bh. prepared 20 
Ruthenium 4 6 
cone. P 20Cc. 22 25 | 
ver Ag metal 25-33 Ag 24-32 } 
KON (free) 30-45 (av. 27)| 115-12 17 
Kp CO; 50-90 999 5 100 Ve 
CS2 up to. 00009 fine 27 
| * Jin 30-90 Pure | 11-43 \Q06-16| 21-27 95-100 
30-150 (also 
| Adoition agents (various) 05-350 up to43) 
(61150 | Pure Sn |108-432 60-80 | 60-90 1944 satisfactory 
NaOH 75 188 4-6 | for steel; 76-12.744 | 19 
Ne Acetate 1S 225 | for non-ferrous 
vol) OF | metals 
| Zin 240-550 |985-999%| 1-3 | | 
| NHgl/ 15-30 Zn falsoup| 4 24-30 | 35-45 | 99 
Addition Agent: to 200) Q0038 ta | 20 
or Q025mm,.| 
A/lCls.8H2O or 
Nal? Hs 02.3H20 
NalCN 23 525 Zn (o) 6-12 (0) 85-95 
Zn(CN) (21325 | 9B25% | | 
NaCN 225 30 Zn + (anode); 4-6 | 40 | 
S800 45 Q5-1% \uptod (30-50) 90 22 
Hg Sait Q25 O25 Hg (cathodes | 
12)60-82 (0)60-82| 998%: | Q2 \als-6 | 
NeCN 187-64 34-75| Zn+other \to 107 \(b)I0-15| 20-45 75-95 Bright plate 
2n-Al-Hg; prefer | 25 
NaOH 75-112 75-97 278-378) 
Addition Agent Zn-Mg 
for details see reference | 4 


nesiulM, Trans Electrochem. Soc 83, (1943), Prepr: /. 


rectly to the besic metal and undercoats of metals adherent both to the 


have to be used. Certain metals offer aifficu/ties in preparetion. Magnesium 1s a good exernple. Specia/ 
been developed to close pinholes. GE Stoltz; Blast Furnace & 
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= NICKEL AIDS THE AUTOMOTIVE INDUSTRY 


to KEEP Em Routine! 


Using ingenuity and “know-how” born pioneered the application of Nickel lurgists and engineers here long have 
of long experience, automotive engi- alloyed materials. Now, when uninter- known... that, properly used, Nicke 
neers designed the phenomenally suc- rupted operation is so vitally impor- aids to “keep ‘em rolling.” 
cessful transport equipment that now tant, the continued and widespread use For years the technical staffs of Io 
speeds the United Nations on the road of Nickel is clear evidence of its many ternational Nickel have been privilege 
to Victory. advantages. to cooperate with automotive engineer 
Built to take punishment far above In steering knuckles or differentials, and production men. ..men - . 
peacetime requirements, these spe- in forged gears or cast blocks, a little work is now so necessary to ‘he Natos 
cialized military vehicles are being Nickel goes a long way to provide es- | Counsel, and printed data FP) Ton 
produced in quantity by the mass- sential dependability. It improves about the selection, fabri- | *? BL 
production methods that have amazed _strength/weight ratios, increases wear Cation and heat treatment 
the world. From North Africa to andcorrosionresistance,impartstough-  °fferrousandnon-ferrous 
South Pacific, these trucks, jeeps,tanks ness, and assures uniform propertiesof | ™etals is available upon A 
Pe Ok and half-tracks have repeatedly met the other metals with which it is com- request. cial 
wartime demands for stepped-up per- bined. 


formance. 


Today, maintenance crews on far-off Nick of 
This kind of engineering-thinking battle fronts are learning what metal- 4 
Bh ete For lists of current publications, please address Technical Library Service 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York, N 
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CIRCUIT BREAKER 
MANUFACTURER 


of a 
line of breakers having differ- 
ent ampere ratings will find 
the Chace ‘6000 Series’’ of 
thermostatic bimetals pre- 
cisely fitted to their needs. 


These materials have specific 
resistances in small progres- 
sive degrees, between the 
present available low and 
high resistivity extremes. The 
thermal deflection and 
strength properties are both 
high and practically the same 
for each bimetal of the entire 


group. 


Advantages to the manufac- 
turer are: First, uniform de- 
flection, which simplifies 
calibrating procedure; Sec- 
ond, uniform cross section 
and length, which reduces 
die costs and maintains de- 
sign uniformity. 


Chace makes a complete 
range of thermostatic bi- 
metals for every possible 
application—sold in sheets, 
strips, fabricated forms, and 
assemblies with terminals 
attached. 


Data sheets and engineer- 
ing assistance furnished on 
request. 


@HACEco~ 
er Alloys 


626 BEARD AVE + DETROIT 9, MICH. 


“INVENTED AND MANUFACTURED IN U.S.A. 


STYLE 11 


INCREASE THE OUTPUT 


WITH 


@ Today, new lathes, milling machines, planers 
and shapers are difficult to secure even with pri- 
orities. The demands for increased production 
must therefore be met by more efficient use of 
present equipment. In the metal cutting field 
KENNAMETAL ‘tools help meet these de- 
mands for more finished parts. 


KENNAMETAL’S great strength and hardness 
permit heavy feeds and high cutting speeds. Its 
ability to give a smooth finish on the rough cut 
often eliminates the need for a finish cut. 
KENNAMETAL slices through steel even 
under demands made by interrupted cuts, irreg- 
ular surfaces, and high Brinell steels. 


Write today for the new 
KENNAMETAL catalog 
43B. It contains informa- 
tion on tools that were de- 
signed to increase your 
production. 


1566 LLOYD AVENUE, LATROBE, PA. 
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WHAT’S NEW 


IN MANUFACTURERS’ LITERATURE 


METAL WORKING e FABRI- 
CATION 


Powdered metal presses producing 
millions of metal parts illustrated in 
catalog by Kux Machine Co. Bulle- 
tin Eg-500. 


Forging presses. 
Bulletin Ff-105. 

Horizontal extrusion presses. 
Hydropress, Inc. Bulletin Ff-394. 


36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin Ff-132. 

Cutting Oils. Cities Service Oil Co. 
Bulletin Ec-113. 

Cutting Oil Handbook. D. A. Stuart 
Oil Co. Bulletin Ke-118. 


Presses for Powder Metallurgy. 
Stokes Machine Co. Bulletin 


Properties and uses of cutting oils. 
Gulf Oil Corp. Bulletin Ef-360. 


Illustrated data information on cut- 
ting oils and their correct use. Na- 
tional Refining Co. Bulletin Cg-479. 

“Dag” colloidal graphite as a high 
temperature lubricant. Acheson Col- 
loids Corp. Bulletin Fg-465. 


Information and data on straight- 
ening press. Anderson Bros. Mfg. Co. 
Bulletin Dg-491. 

Forty different ways to cut ma- 
chining costs. Continental Machines, 
Inc. Bulletin Ef-170. 


Multi-wash dust collectors for 
aluminum-magnesium metal working 
lants. Claude B. Schneible Co. 
ulletin Eg-161. 


Ajax Mfg. Co. 


Properties, applications and use of 
hard-facing rods. Coast Metals, Inc. 
Bulletin Fg-361. 

Surface coated abrasive belts. Min- 
nesota Mining & Mfg. Co. Bulletin 
Ag-470. 

Grinding and polishing with abra- 
sive belts. Hammond Machinery 
Builders, Inc. Bulletin Cg-363. 

Handbook on aircraft riveting. 
Cherry Rivet Company. Bulletin Dg- 
486. 

Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 
Kf-433. 

Big, comprehensive data book de- 
scribes specialized oils and shows 
uses for hydraulic oils in metal work- 
ing. Warren Refining & Chemical Co. 
Bulletin Eg-454. 

265-page textbook covers tech- 
niques used in contour machining, 
laboratory controls in manufacture 
of precision saw bands. Doall Serv- 
ice Co. Bulletin Eg-297. 

Precision ener wheel. Ameri- 
can Emery Wheel Works. Bulletin 
Eg-501. 

Brazing of cemented carbide tools. 
Carboloy Co. Bulletin Eg-278. 


Cutting Fluids. Pate Oil Co. 
letin Eg-496. 

Presses for the metal working and 
rocess industries. Hydraulic Press 
Mfg. Co. Bulletin Eg-475. 

New catalog illustrates standard, 
non-standard, and _ special tools, 
shows prices of tools and blanks. 
— Metals Co. Bulletin Fg- 


Bul- 


Mounted wheels, Handee ang 4). 
Power tools. Chicago Wheel & \ji 
Co. Bulletin Kf-230. 

Abrasive belt polishing machine 
Divine Brothers Co. Bulletin Ki4y 

Abrasive cloth gadgets. Bebr-\a». 
ning Corp. Bulletin Nf-467. 

Advantages and physical charg. 
teristics of “No-Wear”, a hard-facing 
material. Callite Tungsten Corp, jy. 
letin Fg-327. 

20-page booklet on cutting fyiq 
has been issued by Tide Water Ags. 
ciated Oil Co. for the meta! working 
industry. Bulletin Gg-515. 

Many applications for the Nort 
open structure grinding whee! 2, 
shown in leaflet issued by the Nort 
Co. Buletin Gg-88. 

New catalog describes metal form. 
ing machinery engineered and manv- 


factured by the Yoder Co. Bulleti 
Gg-520. 
Air tools in steel mills and found. 


ries are pictured in new booklet }y 
Ingersoll-Rand. Bulletin Gg-222. 


FERROUS METALS 


New war time edition of the 
machinery steel selector has just 
been issued by the Elastuf grow 
which includes Horace T. Potts 
Brown Wales and Beals, McCarthy & 
Rogers. Bulletin Fg-264. 

Aircraft steels, bearing steels. 
Rotary Electric Steel Co. Bulletis 
Kf-429. 

Steel Data Sheets. Wheelock, Love 
joy & Co. Bulletin Ox-74. 

Molybdenum wrought steel. 
Molybdenum Corp. of America. Bul- 
letin Nf-312. 


Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 154, 156, 158, 16° 

162, 164 and 168. 


Metal Progress 7301 Euclid Ave., Cleveland 
Send me the literature I have indicated below. 


Name 


(Students—please write direct to manufacturers.) 
ature described on these 8 pages. 


eee eee 


eee eee 


Check or circle the numbers referring to liter 
———Page 152>—_, r Page 154 ——Page 1 ——Page 158—, 
Eg-500 Eg-161 Fg-238 Eg-45  Fg-436 Cg-482 Nf-470 Eg-259 Cf-157 
Hf-8a Fg-508 Cg-478 
Ff-105 Fg-361 Kf-230 Kd-85  Af-337 Cg-483 Fg-301 Fe Kf-458 
Ff-394 Ag-470 Kf-434 Cd-255 Kf-437 Dg-134 Fg-514 Ka-288 
F’-182 Cg-363 Nf-467 Ce-76 Eg-126 Gg-523 Gg-60 Fg-87 Ke-135 
Fg-327 Ld-208 Kf-455 Ag-331 Ge-69 B-46 Ke-37 
Ec-113 Dg-486 La-295 Kd-89 Ne-86 Cf-22 
Ke-118 Kf-433 Gg-515 Kd-229 De-307 Ff-393 Gg-522 Ff-395 Nf-53 
Gg-88 Hb-4 Kf-421 Ld-191 Eg-67 Gg-516 
 Eg-454 Cf-311 Df-371 Ge-63 Eg-134 Ft-320 
Cg-479 Eg-501 Bg-293 Bg-239 Af-331 Af-198 
— Nf-169 Gf-67 Fe-471 Dg-213 
Fe-465 Eg-278  Kf-429 Eg-106 Ee-215 Fs-303 K¢-206 Dg-330 
Dg-491 Ox-74 Gg-177 Nf-163)— Gf-248 Eg-348 Hb-180 
Ef-170 Eg-475 Nf-312 Gg-450 Cg-481 Dg-1171 Eg-503 Df-377 Ce-35 Eg-46 
Page 160——_, Page - Page 164 —Page 168——. 
Ef-319 Fg-5 Ce-208 Gd-2 Ce-75 Ka-13 Fg-175 Cf-370 
Ef-386 Lf-203 -463 Dg-38 Eg-497 Ff-193 ¥ Cg-473 La-23 
Ef-323  Ce-302 Lf-443 Kf-444 Cf-24 
e 1k Kf-451 Fg-19 Lf-299 
Kf-388 Ff-321 Fi-286 La-57 4Hf-68 Db-18 
Ag-310 =Bf-183 Ff-155 Kf-439 Nf-305 < H4-271 Fg-511 Ag-226 
He-4l Eg-445 Df-60 Kf-447  Bb-187 Bf-165 
Nf-154 Hf-49 Df-360 Ce-219 Nf-141 Df-100 Ne-254 Dg-467 
Cg-476 Lb-25 Ef-379 Dg-487 Ke-260 Nf-192 14-32 
Fg-116 Lf-55 Ke-34 Dg-214 Hb-81 Ag-469 BES BI-359 Dg-40 
Ne-15 Dg-234 Cf-70 Eg-504 Dg-112 Ge-514 
5-66 Cf-367 He-18t 
Fg-123 Dg-138 Ke-211 Nf-181 Hf-189 Df-376 Ce-269 Ge-518 
Fe-510Lf-145 Dg-494 Ag-448 Ne-329 Ff-396 Bf-233 
Fg-43 Lf-287 Cg-484 Be -30 Gg-51 Fg-240 Fg-108 Bb-84 Gg-519 
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The author contributed a brief 
recount the radiographic 
practices necessary to comply 


with government specifications 
nd table discussion on 
inspection methods at the last 
@ Conv nition, and later was 


fo ar 


able to release for publication in this article. 
Metal Progress a full set of the 
radiographic standards set up 
about a year ago to govern 
acceptance of structural cast- 
ings for airplanes. Representa- 
tive negatives are reproduced in 


Those eliminated 
are either of similar defects 
which did not register strong 
enough to appear on an engrav- 
ing without retouching, or of 
defects readily observed by vis- 
ual inspection without X-ray. 


X-RAY INSPECTION OF CASTINGS 


(ARMY AIR FORCES’ REQUIREMENTS) 


By ROBERT 


Forces Materiel Center, Wright Field 


{ssistant Radiologist, Army 


KATZ 


peer the end of 1941 it became impera- 


tive that general standards for the acceptance 
of aireraft castings be established. At that time 
the commercial standards for the acceptance or 
rejection were largely intangible; castings rejected 
by one radiographic laboratory were later accepted 
by another. As a check on the validity of commer- 
cial X-ray inspection, rejected castings were sub- 
ected to breakdown or tensile tests conducted 
upon specimens machined from castings, and 
many were found to have strengths considerably 
in excess of design or specification values. Pres- 
sure of increased aircraft production made such a 
waste of material intolerable. As remarked at the 
outset it became necessary to establish an inspec- 
tion procedure which would insure that: 

|. No casting which might fail would find its 
Way into an airplane structure. 

2. A minimum number of usable parts would 
be discarded by unnecessarily rigid inspection 
Standards, and 

5. The inspection procedure be as economical 
of manpower and materials as was consistent with 
the first two aims. 

x hieve these ends, a procedure for the 
\-ray ‘mination of structural castings which 
ittempted to resolve these principles was adopted 


my Air Forces in February, 1942. An 


outline of the procedure and some representative 
radiographs will be given, principally applicable 
to sand and permanent mold castings of alumi- 
num or magnesium alloys used in the airplane’s 
structure. Castings for use in hydraulic systems 
need not be X-rayed if they are hydrostatically 
tested unless sections of these castings are also 
subject to structural loads, whereupon such sec- 
tions are subject to the same requirements as 
structural castings. 

Allowable Stress -— In the design an allowable 
stress is permitted of half the minimum specified 
ultimate strength, as determined on separately 
cast test bars. Castings may be designed for no 
X-ray inspection provided that ultimate design 
loads will not produce stresses in excess of 20 
of the allowable stress (10° of minimum test bar 
strength) and such castings are known as Class B 
‘astings. Castings designed so that the ultimate 
design loads produce stresses between 20 and 
100° of the allowable stress are called Class A 
‘astings, and must be radiographically examined 
and statically tested as outlined below: 

Test Lot 
foundry development have been completed, and 
production pattern equipment has been prepared, 
a test lot, consisting of the first 100 castings of the 
first production run of each Class A design, must 


Once preliminary design and 
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be 100% X-ray inspected with special reference to (1.25 and 3.0 for steel centrifugal castings), ay 


stressed sections. The three worst castings of this castings in the order or production run are giyey 
test lot, as graded by the radiographs, are then 25% inspection and are called Class A-|. Cag 
machined and tested so as to simulate the loading A-2 castings are those in which the ratio of tey 
of the castings as installed in the airplane. Radio- to design loads lies between 3 and 10, and receiye 


10% inspection. Where the ratio is greater thay 
10, castings receive no X-ray inspection and are 
called Class A-3. When 1% of the original sam. 
pling (the 25% for Class A-1, or the 10% for Class 


A-2) is found inferior to the standards. 109 


Fig. 2 (Radiograph No. 10 of Standard Set 
Shows Generally Distributed Gas Porosity 
in an Aluminum Alloy Sand Casting, Which 
Is Undesirable, but Acceptance or Rejec- 
tion Would Be Based Upon the Static Test 


Fig. 1 (Radiograph No. 3 of Standard Set) 
Shows a Shrinkage Cavity in an Aluminum 
Alloy Permaent Mold Casting; Not Acceptable 


graphs of the three test castings become accept- 
ance standards for all other castings of the same 
design, if the weakest casting withstands a test 
load of 1.5 times the design load (1.25 times for 
steel centrifugal castings). 

Should the test castings prove too weak, 
sounder castings may be selected from the test 
lot until satisfactory radiographic standards are 
obtained. 

The Army inspector may reduce the size of 
the test lot for complicated castings which are 
expensive to radiograph. Where fewer than 100 
castings are required of a particular Class A 
design, the entire lot of castings constitutes the 
test lot, but only one need be statically tested. 

In the course of production, casting quality 
may vary sufficiently from the test lot so that a 
revision of the X-ray standards is desirable. The 
contractor may revise these standards at his 


i option by repeating the X-ray and static test pro- inspection of the balance of the lot may be 
| cedure upon any group consisting of 100 consecu- required. 

tive production castings. Substandard A-1 castings are rejected, bu! 

Production Runs — Lots subsequent to the substandard A-2 castings are placed in salvase 

test lot are radiographically inspected on a per- Castings whose defects cannot be judged ‘rom the 

centage basis according to the ratio of test loads standard radiographs are similarly place’ ' sal- 

€ and design loads of the weakest of the test cast- vage. Castings which receive no X-ray inspecte? 
ings. Where this ratio lies between 1.5 and 3.0 are subject to visual inspection. 
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Fig. 4 (Radiograph 
No. 16 of Standard 
Set) Shows Round 
Blowholes and Irreg- 
ular Segregates in 
an Aluminum Alloy 
Sand Casting, Which 
Are Undesirable, but 
Acceptance or Rejec- 
tion Would Be Based 
Upon the Static Test 


Illu-trative Radiographs 


i) addition to the requirements 

test, no Class A casting is 
acceptable which contains defects 
of a localized, stress raising type. 
Thus cracks, cold shuts, misruns, 
shrinkage voids (Fig. 1) are auto- 
matic cause for rejection. [Eprror’s 
Nore: Cracks, cold shuts and mis- 
runs are all readily found by visual 
inspection, and the radiographs in 
the standard set of 17 that show 
them are not reproduced on these 
pages, in the interest of saving 
space.| Defects of a general type 
which do not act as stress raisers 
are considered undesirable, but are 
judged solely on the basis of the 
static test simulating the working 
loads on the complete part, as previ- 
ously outlined. Such defects include 
sas porosity (Fig. 2 and 3), blow- 


ol 


holes (Fig. 4), segregation (Fig. 4), microshrinkage (Fig. 5 

and 6), dross and sand inclusions (Fig. 7) and mottling (Fig. 

8). Defects of a general type which are so aligned as to cause 

stress concentration are immediate cause for rejection (Fig. 9). 
Certification of Laboratories ‘The commercial radiog- 

raphy of Army aircraft castings has been restricted to an 

approved list of certified laboratories. Certification is set up 

on the basis of a simple test which requires a laboratory to 

prepare radiographs of a set of six castings equal to radio- 

graphs previously prepared at Wright Field. The required | 

positioning is specified so that direct comparison of the quality | 

of the X-ray films can be made. At this writing about 40 

laboratories scattered throughout the United States have been 

approved. A laboratory failing the first test will be re-tested 

upon application. Certification may be withdrawn when 

radiography in production fails to meet Army Air Forces 

requirements. Thus, each pro- 


Fig. 3 (Radiograph No. 11 duction radiograph must bear 

of Standard Set) Shows _ the clearly defined image of the 

Elongated Gas Porosity in applicable penetrameter sensi- 

an Aluminum Alloy Sand tivity gage. 

Casting, Which Is Undesir- Certification simply per- | 

able, but Acceptance or mits an organization to take | 
: Rejection Would Be Based X-ray pictures, but does not 


Upon the Static Test authorize the laboratory to 
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Fig. 5 (Radiograph No. 12 of Standard Set) Shows Feathery Micro- 
shrinkage in a Magnesium Alloy Sand Casting, Which Is Undesirable, 
but Acceptance or Rejection Would Be Based Upon the Static Test 


Fig. 6 (Radiograph No, 2 of Standard Set) 
Shows a Magnesium Alloy Sand Casting 
With an Accumulation of Microshrinkage 
at Left, Which Is Undesirable, and a 
Crack at Right, Which Is Not Acceptable 


Fig. 7 (Radiograph No. 17 of Standard Set) 5" 
Dross and Sand Inclusions in an Aluminum 4 
Sand Casting, Which Is Undesirable, but Accepl” 
or Rejection Would Be Based Upon the Static ! 


4 
fy 


accept or reject castings. Responsibility for struc- 
tural castings, as well as for all parts of the 
airplane, rests with the prime contractor (the 
airplane manufacturer). The laboratory may not 
accept or reject castings for the prime contractor 
unless authorized in writing by the prime con- 
tractor, and a copy of the document furnished 
the Army inspector. 

Terminology Radiographic inspection has 
been much confused by the absence of a uniform, 
precisely defined terminology for the markings 
appearing on the radiograph. The same defect has 
been described as “gas porosity”, “pinholing”, 
“wormholing” and “pepper and salt porosity”. 
The following definitions of various discontinui- 
ties have therefore been adopted: 

Cracks are represented by darkened lines of 
variable width which are dendritic when caused 


Pig. 8 (Radiograph No. 1 of Standard Set) 
Shows a Crack Which of Course Is Not 
ieceptable. It also shows “mottling” 
throughout the web of this aluminum 
alloy sand casting which is not a cause 
for rejection. (Editor's Note: — Mottling 
always appears as the casting tempera- 
ture rises, and is therefore to be expected 
in castings of large size or complexity.) 


ig. 9 (Radiograph No. 8 of Standard Set) Shows Pronounced Gas Porosity 
Especially in Lower Casting and Blowholes in Linear Formation. Not Acceptable 
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by hot shortness, and are more nearly linear, or 
straight, and of more constant width when origi- 
nating from residual stresses in solid metal. 

Shrinkage. Shrinkage cavities are represented 
by dendritic or filamentary dark regions of irregu- 
lar dimensions and indistinct outline, and are 
‘caused by an insufficient supply of molten metal 
to feed the particular section. 

Cold Shuts are represented by darkened areas 
of variable length and smooth outline which tend 
to be elongated and thin. They occur where the 
streams of molten metal have come together and 
have failed to weld together, so that the contact 
surfaces are oxidized. Cold shuts may generally 
be detected by visual examination. 

Misruns appear as darkened areas of varia- 
ble dimensions and smooth outlines where the 
molten metal has failed to fill the section. Mis- 
runs can always be seen by visual examination. 

Gas Porosity is generally found in aluminum 
alloy castings and is due to the presence of dis- 
solved hydrogen in the molten metal. It appears 
as a well distributed peppering of round or irregu- 
lar dark spots which tend to be elongated or 
curved in coarse grained castings. The porosity is 
distributed throughout the casting, the size of the 
holes varying with the gas content of the metal 
and the rate of solidification of the section. 

Microshrinkage commonly appears in magne- 
sium alloy castings, and occasionally in castings 
of other alloys, as dark feathery streaks, or as 
massive areas of fairly definite outline. 

Blowholes or gasholes usually appear as well 
defined spherical or rounded darkened areas. 
They are caused by trapped air, mold or core 
gases, or water vapor and are random in occur- 
rence but tend to distribute on the cope side of 
a casting. 

Dross Inclusions. Dross or oxide inclusions 
appear as small darkened regions of irregular or 
indistinct outline, varying in intensity. These tend 
to be random in occurrence but may become local- 
ized in the cope side of a casting. 

Sand Inclusions appear as gray spots of 
uneven granular texture with indistinct outline. 
They are random in occurrence but tend to con- 
centrate near the drag side of a casting. 

Segregation of metallic inclusions (whether 
or not these properly constitute alloying ele- 
ments) appear as well defined white spots or as 
mottled areas, regular or irregular in shape. 

Mottling appears as a pattern of alternate 
light and dark areas which tend to the size and 
shape of the macroscopic grains and is due to the 
difference in chemical composition between the 
grain and grain boundary material; most fre- 
quently found in aluminum alloy castings. =) 


Quench Out! 


tgs of the important rules in heat treating 
“Be sure the steel is quenched out.” Th 
refers not to how cold the piece is quenched 
vital factor itself — but to the necessity of eo). 
ing fast enough to avoid the separation of fery;,, 
from the transforming austenite. If this happens 
the quenched structure will contain martensi), 
plus ferrite; the latter is soft and weak, affording 
interruptions of the continuity of the structure 
and providing a likely path for failure under higt 
loads. Similar reasoning applies to mixtures of 
other structural constituents. 

There is ample evidence in the literature as 
to the poor physical properties of mixed struc. 
tures, and this point probably needs no proo! 
even though it is so often forgotten. It is readily 
apparent that if you have a structure which js 
mostly Rockwell C-40 hard after quenching ani 
drawing, having a tensile strength of about 
180,000 psi., yet containing zones of ferrite wilh 
tensile strength of 50,000 psi., the latter » 
detract from the strength of the whole, with 
helping the ductility. In fact, elongation ani 
impact are damaged because of the localizing 
deformation in the ferrite films which thus ae os 
notches. 

As far as hardness alone goes, “quenching 
out” is not essential if the piece is to be draw! 
back at 800° F. or higher. If the piece as quenched 
has one area of Rockwell C-60 and one of Roc\- 
well C-45, and is then drawn so that the (0 
part drops to C-40, the C-45 part will also com 
out not far from Rockwell C-40, because a delinile 
draw temperature establishes a certain carbic 
particle size in the tempered martensite, and this 
is a prime factor for determining hardness. 

But most important to the heat treater is the 
fact that “quenching out” reduces distortion and 
cracking. One proof of this was given by Stuart 
Oliver in Metal Progress for October 19-5. He 
found that quenching S.A.E. 1040 shafts so the! 
hardness was high and uniform gave bes! 
straightness. I also believe that the rea! adval 
tage of press quenching of gears lies in the better 
uniformity of quenching which decreases dis!0™ 
tion; the actual gripping or holding effect o! the 
dies is slight. Parts which are hardened from 
atmosphere controlled furnaces may be expec! 
to give more uniform movement because of 
formity of hardening. Parts spun whi! quench- 
ing will quench more uniformly and Hence be 
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straighter. Many more examples could be cited. 

When the forces producing distortion are 
greater than the metal will tolerate, the piece 
cracks. Cracking is apt to result from non-uni- 
form quenching. It is often surprising to find 
such things as the following, but the results are 
reasonable and logical: Shafts of S.A.E. 1035, 
with flanges, threads, and crossed cotter holes, 
were being water quenched, and about 10° were 
cracked in the threads or on the flange; changing 
toa more drastic 3% caustic solution for quench- 
ing reduced distortion and eliminated cracking. 
\nother example: Long shafts of S.A.E, 1050 
were quenched in oil, resulting in bad warpage 
ind poor physical properties; when a time quench 
in caustic was used, warpage was greatly 
decreased and toughness much improved. 

These remarks all refer to the difference 
between quenching to essentially 100% martens- 
quenching to mixed microstructures 
part ferrite plus martensite, fine pearlite, or 
bainite). Similar behavior is discovered when 
quenching produces martensite plus fine pearlite. 
In all cases mixed structures have bad effects on 
physical properties and on warpage. 

METALLURGICUS 


ite, and 


Time Saver in Dark Room 


\ Y BEST time saver: We used to forget to cool 

the plate developer and hypo before taking 
pictures. With three quarts of developer in a 
hard rubber developing tank, it took about an 


_ ‘o lower its temperature from 90 to 70° F. 
Y Just setting the tanks in a sink of running 
ater. ‘To pour the solution out in a glass dish 
to coo! 


‘aster is mussy — and still slow. 
in 1932 Donald Boone, a graduate assistant 
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Tap Water, Through Copper Coils, Cools 
Developer and Saves Time in Dark Room 


at the College of Engineering, took 60 in. of ‘2-in. 
copper tubing and made a three-turn coil so it 
would fit into our developing tanks as shown in 
the accompanying photograph. This was con- 
nected to the cold water faucet with rubber tub- 
ing. By circulating tap water at 65° F. through 
this coil and moving the coil to agilate the 
developing solution, its temperature can be low- 
ered from 90 to 70° F. in 5 min. 

Think how much time this has saved in tak- 
ing 4000 pictures during the past 10 years! 
(R. E. Cramer, Special Research Asst. Prof. in 
Engineering Materials, University of Illinois.) 


To Prevent Small Work From 
Sticking to Tray 


ERE’S an item that is “old stuff” to veterans, 

but to the hundreds of new men in the heat 
treat it will be of some use: 

When quenching small parts such as wash- 
ers or nuts from a tray, the work will always 
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stick to the tray. To avoid this a piece of news- 
paper should be put on the tray first and then 
pile the work on the paper. When the paper 
burns it leaves a film beneath the work, thereby 
leaving it free to slide off the tray into the quench 
tank. (Rant BENNING, Foreman Heat Treating 
Department, Supercharger Works, Allis-Chal- 
mers Mfg. Co.) 


Staple It Together 


IRE stitching or stapling has been a com- 
monplace operation in printery and bindery 
for generations; the hand stapler is also a stand- 
ard item of desk furniture. Its recent adaptation 
to the needs of the aircraft industry has thrown 
some joining operations over into the unskilled 
class and saved as high as 90% of the labor cost, 
permitting the fastening of metals, rubber, plas- 
tics, plywood, or leather. It is recommended for 
unstressed parts of a plane such as heat ducts, 
sealing gaskets, shrouds, and map cases. 

The practice depends on the use of a high 
carbon, galvanized wire, having a minimum 
tensile strength of 290,000 psi. The wire at fin- 
ished size is 0.051 in., with very little tolerance 
permitted. The amount of zine on the finished 
wire is sufficient to withstand a standard 20% salt 
spray test for a minimum of 300 hr. 

Although the tensile strength is very high, 
the ductility of the wire is such that a staple can 
be formed through metal, with bends sharp 


Samples Showing Applications of Aircraft Stitching Wire, 
Such as Three-Ply Metal, Leather on Metal, Asbestos- 
Metal Sandwich; Rubber on Metal, Metal to Metal Tube 
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rial throughout the complete length of the stap) 
Wire is now made to the above specification, 
by the writer’s firm which will penetrate 0.049 jy 
of heat treated aluminum alloy, 0.060 jn, 
annealed aluminum alloy, or 0.030 in. of half-hary 
Type 302 stainless. It will also penetrate oye 
1 in. of wood. “Sandwiches” of light gage duraly. 
min and asbestos have been made up to 4, jp 
thick. (CHARLES W. Meyers, Special Aviation, 
Representative, American Steel & Wire Co.) 


Early Detection of Fatigue Cracks 


W* RECENTLY were required to detec! 
fatigue cracks in some hollow, heavy walled 
forgings under test, and devised a method tha 
should work equally well on moving parts jy 
service, without disassembling the machine: 

Due to special conditions we could no 
remove the test piece, yet we had to detect th 
-arliest appearance of cracks in a corner of a 
elbow bend. A new wrinkle to the well know 
oil-and-powder method solved the problem. Th: 
surfaces to be examined were in the as-forged 
condition, except for pickling and sand blasting 
The surface was wiped clean before each exan- 
ination. With the testing machine stopped, « 
thin, low viscosity oil was spread over the surface 
Some of the oil seeped into any cracks which 
were present and remained there when the sur- 
face was wiped clean. Fuller’s earth was then 
spread in a thin layer over the sur- 
face and the testing machine 
re-started. The oil in any cracks 
was forced onto the surface by the 
alternate closing and opening © 
the crack during the fatigue tes! 
and such exuded oil made a black 
line in the thin layer of the Fullers 
earth, so the first appearance 0! 
very small cracks was easily marked 

The method can also be useé 
to detect the presence of fatigui 
cracks on any exposed or visible 
parts in service. The part lo be 
tested can be left right in ‘h 
machine so checking for fatigue 
cracks can be done as often ® 
desired for safety. No expens'' 
equipment or material is necess#") 
To make a test it is necessary ' 
stop the machine for a few minutes 
to prepare the surface. 
Boss, Chief of Metallurgica! ! abora- 
tory, Glenn L. Martin Co 


enough for contact between the Staple and mate. 
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Catching Cartridge Defects 
at the Source 


NE of the most trying conditions met with in 
() the manufacture of brass cartridge cases is 
that of surface imperfections variously described 
as ‘laminations’, “surface seams”, “blisters”, 
nd so on. Each case so defective must be 
removed to a Salvage bench where the defect 
must be explored for depth and length by filing 
or hand rubbing with emery paper. If the defect 
appears to have appreciable depth the cartridge 
case must be rejected; if hand rubbing appears to 
eliminate it this is continued until all trace has 
been removed. It may be pointed out, too, that 
the defect must truly be removed and not just 
covered with flowed metal. 

The above paragraph leads up to the fact 
that invariably when the production department 
runs into a cloud of these rejects the question is 
always asked of the metallurgical department as 
to why this was not noted when the raw material 
was received and the production people warned 
to look out for trouble. 

Actually these defects stem from almost 
microscopic non-metallic inclusions, gas pockets, 
and blowholes, and are greatly magnified when 
drawn out into cartridge case sidewalls. To detect 
this condition in the raw material stage this 
laboratory has devised a test which, coupled with 
observations made on finished cartridge cases and 
on draw pieces in various stages of process, has 
become extremely useful. 

Briefly, we subject a certain percentage of 
the raw material (which is received here as 
blanked disks) to a 180° bend test; the sample 
lor this test is a 2-in. wide strip taken across the 
lull cross section of the disk at the diameter, and 
across the direction of rolling. The sides of the 
Specimen are then die polished on a belt sander. 
\fter bending, all surfaces are examined and 
inclusion bursts or any other openings are noted. 
Following this examination it is usual to deep 
etch the specimen in 50% nitric acid, which 
serves to accent the inclusion pits, blowholes, 
and other discontinuities. Experience has indi- 
cated that imperfections at the surface and 
extending to a depth of one-third the total thick- 
Hess on either side of the disk are those which 
are — apt to give trouble during drawing 
operations, 


hei Close watch on lots which were identified as 
an °! poor quality by the standards of this 
est have substantiated this useful laboratory 


observation. (Georce J. Foss, Jr., Director, 


Chicagn Vat. 
ago Metallurgical Laboratory, Rheem Manu- 
acturine Co.) 7 


Weights of Tubing 


NE day I had to calculate the weight of a lot of 
seamless tubing of various sizes, and had no 
tables to relieve me of thought. Working it out 
with areas of circles is a rather lengthy mathe- 
matical process, so I resorted to a simple and 
accurate formula which involves only the dimen- 
sions usually given for seamless tubing — outside 
diameter and wall thickness. There may be such 
a formula, but I have never seen it in a handbook, 
and am passing this one along, hoping it will help 
anyone who may have use for it. It is based on 
the fact that the cross-sectional area of tubing is 
evidently xt (D-t) where D is the outside diameter 
and ¢ the wall thickness. Using values for weight 
of metal per cu.in. gives the following in Ib. per ft. 

Steel tubing: 10.55 t (D-t) 

Copper tubing: 12 ¢ (D-t) 

Aluminum tubing: 3.58 t (D-1) 
As can be seen, the formula works very easily 
with a slide rule. (Wittiam H. Cramer, Engineer, 

Metlab Co.) 


Underwater Resistance Welding 


N EITHER soldering or brazing standard copper 

‘able to terminals, the cable is usually stiffened 

by the metal, drawn into the hot cable by capil- 

lary action. This is being cured by what we call 
underwater resistance welding. 

This process consists of welding with elec- 
trode tips of carbon, molybdenum and cupaloy. 
A stream of water of sufficient volume to cool the 
work and prevent oxidation at the weld is played 
on the stranded wire near the work. Machines 
used for this work are equipped with one fixed 
and one movable electrode, with a special jig 
fastened around the stationary terminal to hold 
the parts firmly in their relative positions. (Car- 
bon tipped electrodes are used when a flux is 
necessary. ) 

The operator lowers the upper electrode to 
complete the weld by means of a foot pedal. The 
machine is air operated and timed by electronic 
controls; this insures a quality weld. The com- 
pleted assembly may be removed immediately 
without the need of pliers or gloves. A typical 
job is as follows: 2352 strands of 0.002-in. wire 
were welded to copper 0.037 in. thick; time 38 
cycles; current 14,400 amperes; electrode pres- 
sure 400 Ib. 

Jobs that were formerly performed by hand 
are now handled by line production. Cost has 
been reduced and quality and appearance of the 
completed parts have been improved. Cooling the 
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parts with water also makes handling easier and 
removes heat without changing the physical prop- 
erties of the individual parts. (J. A. MerryMaAn, 
Headquarters Manufacturing, Westinghouse Elec- 
tric & Mfg. Co.) 


Rapid Polishing for the Duration 


HILE highest grade work on many alloys 

requires time-consuming methods for metal- 
lographic preparation, during these trying times 
when a hurried report with micrographs is often 
necessary it might be well to have the details of 
a polishing technique that is really rapid: 

First, grind to a flat surface with coarse 
emery on a vertical wheel. 

Second, remove scratches of first operation 
by turning specimen 90° and polishing on a wet 
‘canvas lap with No. 240El Alundum “B”. Polish 
only until previous scratches are removed. 

Third, remove scratches of second operation 
by again turning at 90° and polishing on a wet 
canvas lap with Carborundum Brand Silicon 
Carbide powder No. 71, 600RA. Polish only until 
previous scratches are removed. 

Fourth, remove scratches of third operation 
by polishing on wet felt or velveteen using levi- 
gated alumina. 

Canvas laps operate at 3000 r.p.m.; felt at 600, 

Alundum powder costs 20¢ per Ib.; car- 
borundum powder, 55¢, levigated alumina costs 
per Ll-ounce canvas costs 25¢ per yd. 
and velveteen costs $1.50. 

In handling a class of 35 students time is an 


Brass (75 X) 


Martensite (500 x) 


Student's Micros, Photographed After Four-Minute Preparation 
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important factor, so the above method has heey 
developed. The total time consumed for gy 
operations should be from 3 to 4 min. Structures 
developed by etching alloys as polished by th, 
rapid method exhibit the important cha icteristi, 
features without distortion. Very few scratches 
are seen on the micrographs submitted as repre- 
sentative. (CHarLes Y. Clayton, Department 
Metallurgical Engineering and Ore Dressing, Mis. 
souri School of Mines and Metallurgy.) 


Inspection of Carburized Cases 


HE request in “Bits & Pieces” in the May issue 

for inspection methods for determining 
quickly the case depth of parts in production, : 
as to be sure you are not over-casing or under- 
casing, brought many responses: 

Martin Seyt calls attention to the method 
hinted at on page 49 of Gordon Williams’ @ bo. 
“What Steel Shall I Use?” Test the hardness 
the case by some light load instrument like th 
Monotron and then retest with a heavier loaded 
Brinell machine which will crush through th: 
case and indicate an integrated hardness. Roch- 
well C seale (150 kg.) and Brinell (3000 kg 
make a good combination for case depths betwee: 
0.020 and 0.040 in. 

Joun M. Kierer, Jr., La: oratory Supervisor 
of American Steel & Wire Co., has constructed 4 
testing instrument for case depth (not hardness 
which is used primarily on steel strip about 
in. thick by several inches wide. It consists esse- 
tially of a Wheatstone bridge (Cont. on p. 1° 
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ints” in May 1941 


“Critical 
noted th the Naval aircraft 
nas absorbing much of a new 


eginless alloy — new at least in 
the American industry — where 
little nickel is added to a 16% 


chromium-iron, thus giving it 
the ability to be quench-hard- 
ened and yet retain the superior 
corrosion resistance (especially 
in salt water) of the high chro- 
mium alloys which are inher- 


ently weak and non-hardenable. 
The following article describing 
its properties and uses is from 
an organization that has pro- 
duced many hundreds of tons 
of this important alloy steel. 


16-2 STAINLESS STEEL 


By STANLEY P. WATKINS 


Manager, Development Division, Rustless Iron & Steel Corp., Baltimore 


\ THE EARLY STAGES of the development of 
| phoert chromium stainless steels of the low 
arbon grades, it became obvious that as the 
hromium content was increased above about 
|4°°, the alloys were less responsive to hardening 
by heat treating operations, and were not as tough 
ras strong as alloys with approximately 12% 
‘hromium and the same low carbon content. 
rhis loss of hardening properties with increase in 
chromium could be compensated by raising the 
arbon, but to the detriment of corrosion resist- 
ince particularly if the material was in the 
innealed condition. 

Increasing chromium in these chro- 
mium-iron alloys serves to improve corro- 


of electrolytes, such as sea water. As shown in 
Chapter 12-F of @'s “The Book of Stainless 
Steels”, this type alloy is responsive to heat treat- 
ment, has good impact strength, and in general 
is more corrosion resistant than a similar low 
carbon alloy with like chromium content but 
without nickel. 

The British Air Ministry adopted an alloy of 
this type and has used it extensively for struc- 
tural parts on seaplanes and flying boats. This 
alloy is designated as S-80 and is furnished to 
the requirements given in Table I, in accordance 
with British Standards Institution specification 


Table I— Specifications for Alloys 


sion resistance, and in many applications 
‘is very desirable to have an alloy with 
the corrosion resisting properties afforded 
ty high chromium, coupled with high 
‘trength and great toughness. To fill this 
need, Brown Bayley’s Steel Works, Ltd. 


England, developed and introduced in 
125 an illoy which they named “Two- Sulphur <0.04 
score”. This alloy is now made in several Silicon <0.50 0.20 to 0.60 
alysis ranges within the broad limits Manganese <1.0 0.30 to 0.80 
Chromium 16.0 to 20.0 15.5 to 17.5 


10.09 to 0.30 carbon, 16 to 20% chro- 
‘ium and approximately 2% nickel. It 
“as designed to have superior tensile 
Properties to that of the low carbon, 


Chemical composition 


Nickel >1.0 1.5to 2.5 
Tensile properties 

Ultimate 

Yield (0.2% set) 


S-80 
(Britisu 
STANDARDS 
INSTITUTION ) 


AN-QQ-S-770 
(U.S. GOVERNMENT) 


Ciass I* Cxiass 
>175,000 >115,000 
>135.000 > 90,000 


> 123,200 


nickel-f; 16 to 20% chromium allovs Elongation in 2 in. >15% >13 >15 
oD re sui impac 25 ft-lb. >35 >6 
ind to | lore suitable for resisting elec- Izod impact > ft Ib >35 60 
trolvtic Brinell hardness >241 
rosion when used in contact 
th n rrous metals in the presence *Hardened and tempered. +Annealed. 
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Fig. 1— Structure of Quenched 
Low Carbon 16% Chromium-lron 
(Low Nickel) Showing Much Fer- 
rite and Little Martensite. Longi- 
ludinal section of bar, magnified 
200 diameters. Brinell 250 


During 1942 
a large tonnage of S-80, prin- 
cipally in the form of billets and 
bars, has been produced in this 


for this material. 


S-770 of which the esos. 
tial requirements are , 
given in Table | 

In addition to 4, 
tabulated requiremey. 
the alloy must be of , 
craft quality as regan 
cleanliness, and in th 
hardened and temper, 
condition resist pitting a: 
corrosion when subject 


country for shipment abroad, to 24-hr. continuous « 


spray, in accordance wit! 
the standard Navy test 

As a matter of conve 
ience the stainless ste 


most of it in the analysis range 
of 0.10 to 0.15% earbon, 16.0 to 
17.0% 
2.06 


chromium and 1.5) to 
nickel. 
The “Twoscore” 


type of are classified into thy 


alloy, popularly known as broad groups mart q 
3a “16-2” in this country, was sitic, ferritic and austeni| 
a. never produced in quantity in depending upon the I 
i i America until 1941. The reason for this is not structural nature and response to heat treatment 


clear, as the properties of the alloy were generally 16-2 falls in the martensitic group, as it respon 
known to the trade. to hardening by quenching, and its structur n 
this type of stainless steel is not as easily pro- the quenched condition is largely martensi! 


duced as some of the other grades, and therefore The microstructure of hardened 16-2 (carb 


One reason perhaps is that 


| 3 has not appealed to any American producer. In about 0.15°.) also contains areas of free fer : 
ae addition, 16-2 is not as amenable to cold forming which impart a laminated appearance. In mat P 
and welding operations as the 18-8 and 17% rial which has received plastic deformation, |! ” 

chromium grades which are so popular in this ferritic areas are generally elongated in the din 
country. tion of maximum work, and this imparts dir fi 
The greater proportion of 16-2 produced for tional properties to the material. 
domestic use has been made to conform with A chromium-iron containing about 0.) H 


| Army-Navy Aeronautical Specification AN-QQ- carbon and 16° chromium is essentially of | 


| Fig. 2 to 4 ~~ Structure of Low Carbon 16% Chromium, 2% Nickel Alloy, Magnified 200 Diameters fe 
| 
0 
n 
te 
~ h 
q 
Fig. 2— Longitudinal section Fig. 3 — Transverse Fig. 4— Annealed strut 
has stringers of ferrite when section cuts across ture, longitudinal! q 
¥ quenched. Hardness 364 Brinell the ferrite stringers Hardness 241 Brine 
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Fig. 5 and 6— Corrosion Test Pieces 


is slightly superior to a 
straight chromium alloy of 


als 
equal chromium content, but 
D the cannot be considered the 
hent equal of 18° chromium, 8% 
la nickel alloy in resisting most 
gar corroding mediums. How- 
n th ever, under conditions involv- 
er ing exposure to salt spray, 
ga \ tap water, steam, food prod- 
ject ucts and fruit juices, 16-2 
compares very favorably with 
wit -— 18-8. In kind with all the 
esl annealed Hardened Hardened Annealed martensitic stainless steels, 
nvel . rig, 5 — 500 hr., running tap water Fig. 6 100 hr., 4¢¢ salt spray 16-2 exhibits its maximum 
ste | corrosion resistance when in 
thr : ferritic type and when heated into the normal the fully hardened and drawn condition, 
ur quenching range there exists a duplex structure In salt spray and tap water tests, as shown 
ran {a little austenite and a great deal of stable by Fig. 5 and 6, 16-2 shows perfect resistance to 
the ferrite. Quenching or rapid cooling, therefore, tap water (500 hr.) and is only slightly corroded 
men: produces a predominant ferritic structure with in the salt spray (100 hr.). In the salt spray 
ponds only a small amount of martensite (Fig. 1). The test, hardened 16-2 shows somewhat better resist- 
. maiimum hardness, when quenched, barely ance than annealed material; in fact 16-2 com- 
sit reaches 300 Brinell. pares favorably with 18-8, but has a greater 
rh : The addition of about 2° nickel to this propensity towards pitting, particularly if expo- 
mn illoy increases considerably the amount of — sure to salt spray is extended to periods of 500 


nat wstenite formed at elevated temperatures. Con- 


sequently, when an alloy of this composition is 


are cooled rapidly, as in air or oil, the austenite 
ine formed at elevated temperatures largely trans- 

forms into martensite which hardens the steel. 
However, the analysis of 16-2 is such that it does 


not wholly transform to austenite when heated 


\o above its critical range, so a good deal of free 


TS ferrite remains in the hardened structure. Never- 
theless, the total martensite formed in 16-2 is 
fi much greater than in the nickel-free alloy, as 
ie shown in the adjoining micros, and this results 
We in increased hardenability, toughness and tensile 
strength. 
i} rhe effect of increasing amounts of nickel 
‘¢ s in lowering the critical range on heating results 
ip a increasing the viscosity of the alloy during 
th transformation, which in turn decreases the speed 
ol transformation. (Reaction rates are normally 
bf p much slower at low temperatures than at high 
‘emperatures due to decrease in atomic mobility 
, with decrease in temperature.) Due to the low 
4 ; critical cooling rate of 16-2 it cannot be annealed 
slow cooling from above the critical temper- 
| fe ure and hence cannot be softened to as low 
“4 hardness as a similar alloy without nickel. Also, 
S i is ne ssary to heat considerably above the 
“pper critical range to obtain full transformation 
reasonable period of time and to effect maxi- 
hardening on quenching. 


In general, the corrosion resistance of 16-2 
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hr. or more. 
As pointed out in a previous paragraph, the 


| 
—— Sot 
> 7 


harden during weldiy 
operations. Howevye; 
electric are or gas we 


Haraness, ing, it is possible to 


addition of about 2% 
nickel to a 16° chromium 
alloy serves to produce a 


8 


stronger, harder and 
16-2 successfully jj 
18-8 electrode is used. 
parts preheated to ab 
750° F. and welded 
02% Yield Strength- this temperature. Af), 
welding, the entire assep 
bly should be annea) 
by heating in the rang 
of 1150 to 1250° | 
limit; | | | 1 to 2 hr. 


Like all the stainles 


tougher stainless steel 


which is amenable to heat 
treatment. In common 
with other heat treatable 


S 


stainless steels, a range of 
tensile properties can be 
obtained in 16-2 by hard- 
ening, followed by temper- 
ing treatments. 
Experience has shown 
that the most favorable 
hardening cycle is to heat 
within the range of 1900 
to 1950° F. and soak for 


S 8 Rockwell C* Hardness 
S 


Strength Values in 1000 Psi, 


steels, 16-2 is strony 
and harder at forg 
temperatures than 

nary steel, and cons 


% Elongation in 2 iIn.— | 


approximately 30 min., of Aree by Drafting 


then quench in oil or cool quently requires m 
inair. This treatment will Fig. 7 —- Effect of Cold Drafting on power and heavier equ 
result in an average hard- Properties of Annealed 16-2 Wire ment to form. It is neces 
ness of 387 Brinell. (A sary to preheat bars 
typical range of tensile values obtained by hard- billets carefully to the range of 1400 to 1600 | 
ening and tempering is given in Table II.) and then heat fairly rapidly to the forging h 
2150 to 2200° F., and begin working when | 
Sluggish Anneal metal has attained full heat throughout. \ 
should not be done below about 1700° F., and 
Owing to the sluggish reactions within the metal has cooled below this temperature be! 
alloy at heat treating temperatures, 16-2 does forging is completed, it should be reheated. )) 
not respond to annealing treatments as read- to the intense air hardening characteristics of this 
ily as the other hardenable grades of stainless grade, forgings should be slowly cooled from ¢! 
steel, as it is very difficult to soften the alloy hammer heat, otherwise thermal cracking m 
below about 240 Brinell by commercial annealing result. The most satisfactory method is to bu 
practice — heating to just below the Ac, point the hot piece in an insulating material. If lors 
(1150 to 1250° F.), and holding for several hours. ings are large, cooling in a closed container 
The Izod impact properties of 16-2 at sub- generally satisfactory. 


Per Cent 
o 8 & 


Table Il — Physical Properties of Heat Treated 16-2 


Heat TREATMENT TENSILE PROPERTIES 
Izop BrINELI 
HEAT | REMEAT ULTIMATE YIELD ELtonc. Repuc- IMPACT HARDNESS 
(F,) |Q (°F.) Oot STRENGTH (0.2% Ser) IN 2 IN. TION 


1925 Oil ne ee 200,000 125,000 8.0 40.0 10 399 
1925 Oil 400 Air 180,000 130,000 17.0 50.0 45 360 
1925 Oil 750 Air 175,000 125,000 17.0 55.0 50 300) 
1925 Oil 1150 Air 125,000 95,000 20.0 55.0 50 250) 


zero temperatures, down to —40° F., is excellent, The hardness and tensile properties of | 
showing values averaging above 35 ft-lb. for can be increased somewhat by cold deforma! 
material having an ultimate tensile strength of as shown by Fig. 7. However, the high hardness 
above 175,000 psi. of this alloy when “dead soft annealed” mili 
Owing to its air hardening characteristics, against good cold working properties, and |! the 
16-2 is not as suitable for welding as the 18-8 or material is severely cold worked, as |) drawins 
17% straight chromium (low carbon) grades of or rolling, it is very desirable to 
stainless steel which have little or no tendency to internal strains by heating at 790 t 


lieve 


50° F 
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Machinability 


Recognizing some four years ago that the data then 


rs. The ductility of fully annealed 16-2 permits 
| upsetting operations, but it is not considered 
r such cold upsetting and extruding operations 
:monly used in making bolts and screws, 


Side Clearance 
Forming 


Fig. 9 
Necessary on 
Tools 


Top View 


vailable on the best methods for machining and cutting 


stainless steel were not adequate in many respects, the 
Rustless [ron and Steel Corp. inaugurated a research pro- 
cram for determining the most favorable conditions for 
This involved an investigation of 


machining these alloys. 


tool grinds, cutting speeds in relation to tool life, cutting 


Side Rake Angle 5° 


‘ Back Rake Angle 9° 

Top Rake Angie / 

O° to 5° Negative / 
at), / 


f= 
| 


Land Sige 
Front 
Clearance Angle 5° 
ngle 8° 
Fig. 8-— Chip Curler Type of Tool and Set-Up 


Recommended for Turning Stainless Steel 


ils, and factors affecting surface finish as well as 
the metallurgical phases such as hardness and 
structural conditions of stock. Since then a great 
deal of the data accumulated in the laboratory 
has been applied to set-ups in consumers’ plants; 
‘n most cases the correlation has been excellent 
ind has led to more efficient production. The 
data given below on the machining of 16-2 were 
btained in this way, and have been modified in 
collaboration with users who are machining this 
illoy on a production basis. 

In common with all the stainless steels, 16-2 
‘S more difficult to machine than ordinary steel, 
‘uecess depending to a great extent upon proper 


tooling and machine set-up. To secure best 
results on 16-2, cutting tools should be made of 
‘ good grade of high speed steel, properly heat 
‘Treated ond ground. Some suggested tool shapes 
ire she in the sketches. 


In ning operations, the best results are 


btains 
. n using a chip curler grind on cutting 
“sas shown in Fig. 8. The same principle 
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ye 


Front View Side View 


can be applied to forming tools, as shown by 
Fig. 9, above. 

Cutting speeds which have been found most 
satisfactory for 16-2 in the annealed or cold 
drawn condition are shown in the list below. 
They are of necessity approximate, as so many 
factors affect machining rates that an absolute 
rate for a given operation cannot be set; however, 
they do serve to indicate the range of speeds in 
which 16-2 can be successfully machined. Maxi- 
mum machining rates are attained only when 
proper cutting oils are used in conjunction with 
favorable tool set-ups. Experience has shown 
that a sulphurized oil mixed with paraffin oil to 
the proportion of about 4 to 1 yields satisfactory 
results for most machining operations, 


Surface Cutting Speeds for 16-2 in Ft. per Min. 
Type or Toot AND GRIND 
10 to 15° top rake or chip 

curler 

10 to 15° top rake and 1 to 
2° side rake 

10° rake grind, 2° side 
clearance 


SPEED 
80 to 100 


OPERATION 
Box turning 
Finish turning 80 to 100 


Forming 70to 90 


Threading 10to 20 10to15° rake or hook 
grind; 20 to 25° tangent or 
circular type 

Drilling 20to 40 130° included angle 

Tapping 5to 15 Hook or rake grind 

Reaming 10 to 30 Spiral flute type 30° 
chamfer lead 

Milling 25to 40 Spiral type, 10 to 15° tooth 
rake 

The author wishes to express appreciation 


for the assistance given him by other staff mem- 
bers of the Rustless Iron and Steel Corp, in 
assembling data for this article. George Stevens 
supplied the machining data, W. C. Clarke pre- 
pared the photomicrographs, and I. C. Clingan 
the corrosion data. S 
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CORRESPONDENCE 


and FOREIGN LETTERS 


Test for General Corrosion Not 
Adequate for Intergranular Attack 


SHEFFIELD, ENGLAND 
To the Readers of Mevat PRroGress: 

As a result of wartime postal delays I have 
only just received the copies of Metal Progress 
issued during the last quarter of 1942. One article 
in the October issue particularly attracted my 
attention, first by its title, “Huey Corrosion test 
for ‘18-8’ Steel”, and later by its contents. 

The authors of this (which is an abstract of 
a translation of a pre-War Belgian article) spoke 
of 18-10 steels containing 0.25, 0.50, and 0.70% 
carbon respectively, which were “homogeneous 
and austenitic” after quenching in water from 
2100° F. This must have been an error, for the 
maximum solubility of carbon in 18-8 steel at this 
temperature, as determined by Bain and Aborn, is 
about 0.3°°. They also suggested that these steels 
were only “slightly weakened at the grain bound- 
aries” by heating for an hour at 1100° F., whereas 
they would, of course, be extremely susceptible to 
intergranular corrosion after such a treatment. 

One gathers that in order to get such a result 
the European authors depended on their experi- 
ments wherein samples were exposed to boiling 
67°° nitric acid for three periods of 24 hr. each 
(as in the Huey test), and then the losses in weight 
were measured. They, no doubt, regarded a rate 
of corrosion of not more than 0.004 in. per month 
(or something of that order) under these condi- 
tions as indicating a satisfactory structural con- 
dition in the steel. 

Now, whether one should use Huey’s reagent 
(67° nitric acid) or the acid copper sulphate 
solution generally used in Britain, or some other 
corrosive liquor for detecting susceptibility to 
intergranular attack is a matter of personal opin- 


ion. My choice is the acid copper sulphate s 
tion because it possesses two features whic! 
appear to be supremely important: It has | 
attack at all on a properly heat treated 18-8 ste 
but rapidly attacks one which is susceptible as 
result of faulty heat treatment. Good results cou 
also probably be obtained with any corrosiy 
reagent which will preferentially attack the sus 
ceptible grain boundary material, but what pos. 
sible significance can the rate of attack quo! 
above (0.004 in. per month) have in regard | 
intergranular corrosion? 

It is well known that the results of corrosi 
tests are frequently based on loss of weight, « 
the effects of time. The size of the test sample 's 
taken into account by calculating this loss 
terms of unit area and time — for example, grams 
per square meter per hour. The implied assum)- 
tion of constancy of attack over the whole surls 
of the sample during the whole time it is expos 
to the corroding medium may be taken a stay 
further by calculating, from the known density 
the metal, the thickness of the presumed unilor 
layer which would be removed in the cours 
some specified time, say a year. 

Such derived figures are often of considera! 
value as they provide an easily visualized meast! 
of the intensity of the corrosive action. It mus 
always be realized, however, that they are th 
retical values founded on the assumed constane 
of attack. If the attack is not uniform © 
the surface or its rate not constant during | 
whole period of the test, the value so calculate: 
may be altogether misleading. 

Whatever views may be held as to the eats 
of intergranular attack, everyone will «gre: thai 
it does not occur uniformly over the attacked SY” 
face. In fact, it is hardly possible to imag!" 
greater departure from uniformity than an atl 
which removes a very thin layer fro! 


the ¢! 
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f a metal and leaves by far the 
of each grain absolutely unattacked. 


undari 


~eater 
{ these loosened but practically 
attacked grains are removed from the surface 
. abrasion or some other means, the loss in 
vht of an attacked sample is insignificant 
mpared with the depth to which intergranular 


tack has penetrated, Moreover, it does not 
J cannot give a reliable indication of this depth. 
s is particularly the case with a reagent like 
>. HNO, which has an appreciable attack on 
perly heat treated 18-8 steels, and one which 
ries in degree with their chromium contents. 
It seems surprising that loss in weight figures 
ould ever be suggested as a criterion of the 
tent of intergranular corrosion. It seems 


simpler and so much more satisfying to bend a 


st specimen through 90° or so after it has been 
xposed to the selected corroding liquor. Then the 
tacked boundaries of a susceptible sample part 
mpany, and the bent surface shows obvious 
racks and fissures. Even simpler — just drop the 


sample on the table; a damaged metal is easily 


stinguishable by the dull, lead-like sound 


iven after it has suffered intergranular attack. 


A very good idea can also be obtained, suf- 
ient for most practical purposes, of the depth 
which intergranular attack has penetrated by 
sual examination of a bent sample. If a more 
curate measure of the depth of the attack should 
required, or of the rate at which it has taken 
we, the very elegant method described by Aborn 
(d Rutherford of measuring its electrical resist- 

ie is surely all that could be desired. 

J. H. G. MONYPENNY 
Metallurgist 

Brown, Bayley’s Steel Works, Ltd. 


Minimizing Hardening Strains 


N. J. 

the Readers of ProGress: 

| was much interested in the Editor’s descrip- 
not the “hot quenching” (see “Critical Points” 
' January), which enabled a machinery maker 
Substitute NE8620, a low alloy steel, for a fairly 
sh alloy “Krupp analysis”. In this practice the 
shtly carburized part was quenched in hot salt, 
eld 8 br. cooled in air, and used without a draw. 


ne can presume that this practice is equivalent 
© “austempering”, explained and patented by the 
Stee’ Corp. Research Laboratory, wherein 
ne hot | austenite —is quenched rapidly 
ist the se of the S-curve” (past 1000° F. in 
MY oO Se own into a region where austenite is 
ativet ible, so stable in fact that in this 


particular case its transformation requires time 
on the order of 8 hr. Even such a long holding 
time will probably not cause all of the austenite 
to transform; the remainder will transform into 
martensite as the piece cools from the salt bath. 

Such extremely long times of holding in the 
salt bath will scare off the practical man, with a 
production schedule to meet. The scientist will 
also recognize that the result of this slow trans- 
formation of austenite at a constant temperature 
is not hard martensite, but another softer metallic 
constituent termed “bainite’, whose properties are 
as yet not too well known. 

We at Ingersoll-Rand Co. have adopted a 
modified and much speedier practice which has 
helped us cut down on rejects from heat cracks. 
It involves an accurate time quench in a medium 
that is chosen with relation to the size of the part 
and its chemical analysis, so that the metal even 
at its center is safely past the nose of the S-curve 
at 1000° F. without any transformation of austen- 
ite into fine pearlite. Once this is effected the 
metal is immediately placed into a salt bath to 
equalize at a temperature just above that where 
martensite starts to form (the top of the Ar” range 
for that particular steel), and held there long 
enough so the temperature becomes thoroughly 
equalized. Austenite is so stable at this tempera- 
ture that none of it transforms. Then when this 
piece is removed from the salt and cooled in air, 
transformation of the austenite to martensite will 
occur. Such a practice will minimize the residual 
stresses and strains, inseparable with any quench- 
ing process, set up by three unavoidable circum- 
stances: (a) the steel contracts as it cools, (b) it 
expands when changing from austenite to mar- 
tensite, and (c) these changes occur at different 
times at different places since the surface is cooler 
than the center. 

I have coined the term “martempering” to 
describe this operation of hardening by cooling 
quickly to just above Ar”, equalizing the temper- 
ature, and cooling slowly through the Ar” range, 
thus producing hard martensite. It is distinctly 
different from the “austempering” process, which 
definitely avoids the production of martensite by 
a much longer stay in the salt bath at tempera- 


. 


tures considerably above Ar”. 

This temperature, the top of the Ar” range, 
may be called the martensite point and abbrevi- 
ated as Ms. I predict that in the near future, the 
determination of this point will be as essential a 
part of steel data as the critical points and harden- 
ability are at present. 

BENJAMIN F. SHEPHERD 
Chief Metallurgist 
Ingersoll-Rand Co. 
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- Good Penetration at High the currents used are within the recomn, 
“ Welding Rates range, and providing the are speeds are wiv 
reasonable limits the “reasonable |jmit” 
rage CLEVELAND, O10 between the lowest speed at which a good ay) 
E To the Readers of Metar Progress : ing weld can be made, and the highes| Spee 
2 ey In the correspondence pages of Metal Prog- which a good appearing weld can be made. 7 
; a ress during the turn of the year, an interchange range is normally from 5 to 15 in. per min 
1m of opinions was recorded on the advantages (and As is evident by looking at the two figy 
sf supposed disadvantages) of a larger-than-ordi- more weld metal was piled onto the outside 
: nary welding electrode. The last word was given joint at the lower speed. However, the effec 
by A. B. White who said: throat and the strength of the joint wer 
“For the same size of weld, an increase in increased, for the lesser amount of metal de 
length proportional to the electrode consumption ited at higher speed was compensated for by | 
may be obtained by larger electrodes, but it may penetration into the root. | Tf 


be accompanied by an 


increase undercutting 
ie and porosity, and a decrease 


in the all-important root 
penetration. Reducing the 
weld speed will reduce the 


tendency towards undercut- PENETRATES 
n'T 
ting and poor root pene- a pb INTO CORNER 
tration, but this practice ‘N Set 


defeats the advantages of 
using larger electrodes.” 


May put on record 
our experience that this is 
not a correct statement to : 
make of really modern elec- 
trodes and welding proc- 
esses. It is our experience 
that there is actually less 
| tendency for undercut and M 
| porosity using large elec- 
| trodes, high speeds and cur- 
| rents than there used to be 
me | with slow speeds, small 
dh electrodes and low currents. Are Speed: 6 In. per Min. Are Speed: 12 In. per Mi 
ss | The statement that Representative Fillet Welds Made With *‘,-In. 
: | reducing the welding speed “Fleetweld No, 11” Electrode, Current 400 Amperes 
will reduce the tendency of - 
poor root penetration is also wrong, as of 1943. Therefore, instead of high speed being ! 
Actually, an increase in welding speed increases — detriment, it becomes an advantage. Ther 
root penetration. Conversely, a decrease in weld- be less distortion due to less deposited me s 
ing speed decreases root penetration. This is | One-half as much electrode is used and onl) 
ae shown in the two figures alongside. The joints half the time is required to make the juin! 
7 shown were welded with the same _ electrode In concluding, I would like to say thal = 
: oom carrying the same current, 400 amperes. The arc applications are being welded with the | 
ce speed in the first case was 6 in. per min. The — size of electrode at present, and th numb 
ae welds in the second were made with exactly the increasing every day. However, if ail ope! 
‘s ie same procedure, except the are speed was 12 in. who are not using a large enough electrode: 
“gs per min. As can be seen, the weld made at 12 to use the proper electrode and technique 
A in. per min. penetrated into the root by ‘x in., would be a large increase in the average We" 
oa whereas the one made at 6 in. per min. did not output per man. 
penetrate into the corner at all. L. K. SrrinGHa™ 
< ar This same condition will hold true with any Welding Applic Eng 
AE size or type of shielded are electrode, providing Lincoln Electric © 
gs Vetal Progress; Page 106 7 
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with \‘lachinability of Metals 


SOMEWHERE IN FRANCE 


he Readers of ProGREss : 

It Tw mmplex factors are involved in machin- 

oy of metals, each one partially a function of 
aul he 
|. “Machinability” of the material. 

ec! 2 Cutting capacity or value of the tool. 
From the first systematic studies of machin- 
ley w of metals, made by F. W. Taylor, were 
wv tt orived. first, rules of machining which defined 


geometric and mechanical conditions of oper- 
tion (such as the influence of the form of the 
ol, angle and depth of cut, feed, speed, lubrica- 
tion, cooling), and second, the use of high speed 
Psieels containing considerable tungsten. These 
mpirical studies, however, merely reproduced a 
standardized operation and determined princi- 
TES Bpally the length of time before the tool was 
veh endered unfit for further service. Thus, no 
formation was given on the properties of the 
naterial involved in the operation, which might 
help predict to a certain extent the machinability 
nd cutting power. In fact, considerable care was 
vercised to see that the steel being cut was uni- 
rm in its nature. 
At the present time it seems possible to 
nalyze the phenomena more exactly by means 
criteria corresponding to less complex and 


h 


wre elementary properties of the material. 
Machinability appears to be conditioned by the 
llowing factors: 

|. The hardness of the material in relation 
that of the tool. For instance, quenched steel 
nd white cast iron are not machinable (in the 
ue sense) by ordinary toolsteels. For a series 
materials of similar properties, machinability 
can often be calculated from the hardness 
4). An example is the formula given by Melle 

g lor gray cast irons: 

U Abt? — 10,000. 

’n the other hand, materials of similar hardness 
in have widely differing machinability — for 
‘stance, mild steels (ferritic) and high nickel 
els ‘austenitie). This is because their deform- 
ig and cold working properties are very different. 
2. Herbert associates machinability to hard- 
“ss aller cold work, or, more exactly, to the 
tardness which the material can attain by means 
‘cold work. Expressed in other words, this 
volves (he true rupture strength, which depends 
i the hardness (4) or the tensile strength (R), 


__ the capacity for deformation before 
uptur can be expressed by the elongation 


ction of area (3). 


Thus, materials of low capacity for deforma- 
tion before rupture, such as gray cast irons, are 
easy to machine under conditions producing short 
chips. Following this lead, the machinability can 
be increased by diminishing the ductility, particu- 
larly transversely, since the tool generally moves 
normal to the fibers of the metal. This is one ol 
the reasons for the ease of machining the high 
sulphur screw stock. Moderate cold work, which 
decreases the ductility without raising the hard- 
ness excessively, improves machinability. 
Inversely, austenites with high elongation, which 
harden rapidly by cold work, have poor machin- 
ability; austenite with 25 to 30° nickel is difficult 
to machine and austenite with 12% manganese is 
practically unmachinable by carbon toolsteels. 

Janitzky has defined this influence by demon- 
strating that for steels the cutting speed V4, 
which corresponds to a time of 60 min. for a 
standard tool, can be related to A and & by a rela- 

, kK 


; for instance, Al 63 


tionship such as An 


for a feed and depth of cut of 1 and 6 mm, 
respectively. [This relation is utilized by Mr. 
Meagley in the leading article in this issue. 

3. The force exerted by the tool, or cutting 
force, which can now be determined and meas- 
ured during the cut by various methods such as 
dynamometric, hydraulic, electrostatic, electro- 
magnetic, and electrolytic — and notably by the 
use of a piezo-electric quartz, a sensitive process 
free from inertia. This cutting force is related 
to the deformation and form of the chip. Also 
to be considered is the friction of the chip on the 
working face of the tool —a factor which must 
not be neglected, as we shall see. 

The work involved in machining a metal is 
transformed into heat which is dissipated by con- 
duction into the work-piece and the tool, and by 
heating the chip as well as the coolant, if any be 
used. Thus, there is established at the point of 
the tool an equilibrium temperature which will 
furnish us a new criterion of machinability since 
it depends on the effective work for given condi- 
tions of cutting. 

4. This working temperature (©) at the 
point of the tool can be determined by means of 
a thermocouple placed near the point (which is 
rather difficult), or by making use of the couple 
formed by the tool and the metal machined, as 
practiced by various investigators. 

This last mentioned criterion appears to be 
particularly interesting, since it establishes a 
bond between the machinability of the metal, 
defined by this temperature, and the cutting 
power of the tool. The latter is limited by the 
temperature at which the metal of the tool softens 
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(tempering temperature for martensitic tool- and martensite. It should be remen:bereg » 
steels) or oxidizes (in the case of hard carbides). this treatment for ready machinabilily ma) 
Furthermore, there should be, according to Schall- produce optimum load-carrying prop rties 
broch and Schaumann, a relation between the On the other hand, the presence in the mo 
cutting time T and the working temperature ©: to be machined of very hard mineral constity 
OT '/m o= C (m and C being constants). such as inclusions of alumina, silica and 
To cite a recent example, Peters has found a silicates, can abrade the working face of the 
difference in machining temperature of about 60° and cut down drastically the number of pi 
C. between steels containing 0.10 to 0.15% lead per grind. 
and the same steels without lead, machined under Finally, in the study of machinability anothy 
the same conditions. This lowering of the criterion which must not be forgotten js 
machining temperature caused by the presence nature of the machined surface. This last fy 
of lead can be demonstrated by a simple experi- has incited a vast amount of work on mel! 
ment: A bar is made by welding end to end two for surface examination, which are too nuny 
sections of the same diameter, one of leaded steel to consider here but which enable us to defin 
and the other of the same steel without lead. machining finish and to determine its influe 
This bar is machined under cutting conditions on the properties of metallic parts more exa 
such that the chips formed by the steel without than by visual examination. 
lead appear at a blue heat; when the leaded steel Thus, the examination of these comp) 
is reached, the chips are not colored. criteria or properties, which themselves dep 
Since the general mechanical characteristics on numerous circumstances in the manufact 
of the ordinary leaded steels are little different composition, heat treatment and mechanical (1 
from those of the same steels without lead, it can ment of an alloy, provides order, clarity 
be considered that the cold work (Herbert's crite- simplicity in the study of machinability. 
rion) is the same in both cases, and that conse- ALBERT M. Porte’ 
quently the variation in temperature should result Consulting Engin 
largely from the difference in friction of the metal Bessemer Medali 
on the tool, lead playing its classic role of lubri- 
cating the metal, or rendering it self-lubricating. 
On this same subject it might be remarked 
that the frictional properties of industrial alloys 
in actual use are provided either by the presence 
of lead (lead bronzes, babbitt or other anti-friction 
alloys) or by the presence of graphite (gray cast 
irons, graphitic copper). Similar means should 
permit us to improve machinability as well. In 
fact, machinability has been improved by means 
of graphite for ferrous alloys (gray and malleable 
‘ast iron, graphitic steels) and by means of lead 


Dowgtite in Steel Castings 


Warervuiet, 
To the Readers of PRroGress: 
Dog lovers among you might appreciate {hy 
enclosed photomicrograph at 300 diameters. It 
animal was recently observed in a manganes 


for copper alloys (brasses for cutting) and even 
for aluminum alloys. The process developed by 
Inland Steel Co. for incorporation of lead permits 
us to extend this method to steels. (Generally, 
non-abrasive inclusions, such as porosity and 
blowholes, can also improve machinability, and 
the presence of inclusions can “orient” machin- 
ability, the metal no longer being isotropic in 
regard to this property.) 
Another method of increasing machinability 
is by structural and mechanical heterogeneity. 
The present writer has shown in his book, “Intro- 
duction to the Heat Treatment of Metallurgical molybdenum steel casting. Positively 
Products”, that to improve machinability of steels ing was exercised, and we have [entatiy’’ 
after heat treatment, the treatment should pro- christened this pooch structure “dow stile 
duce a mixture of two different constituents, as WILLIAM 
by an incomplete quench to ferrite and mar- Me! 
tensite, or by an imperfect quench to troostite Water 


» retou 
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High Carbon in 18-8 Ti 


Beaver Fauus, Pa. 
the Re rs of METAL PROGRESS: 
Could |. at this time, comment on a letter 
» F. H. Keating published in Metal Progress 
for January, Wherein he cites the large use tor 
chemical plant in England of 18-8 Ti with 0.16% 


ix. carbon? 

Perhaps American manufacturers are unduly 
stricted with respect to carbon content in the 
abilized austenitic 18-8 alloys, inasmuch as 

esent specifications, as exemplified by ASTM 
\167-42 and A240-42, for sheet, strip and plate, 
a limit of 0.106 max. carbon. In the 
lumbium alloy, the columbium must be not less 
than eight times carbon content, and titanium not 
ss than four times the carbon content in the 
tanium alloy. It was previously shown by Bain 
ul co-workers that theoretically not less than 
ur times carbon content in titanium should be 
mployed for stabilization; consequently if the 
oper ratios between carbon and the stabilizing 
ements are employed there is no real reason 
hy the carbon content should not be increased, 
sis done in British practice. This would cer- 
nly be helpful in view of the present scrap 
situation. 

On the other hand, it has been found that 

cessive amounts of columbium and titanium 
hich would be required by the higher carbon 
nent give rise to reaction products which inter- 
ere with surface quality, and these are particu- 
rly detrimental in tube manufacture using cold 
rawing processes. American procedure is there- 
re a compromise which keeps the carbon con- 
ent down to a somewhat lower level so that 


p smaller amounts of the stabilizing elements need 


ve introduced into the bath. 
While we do not know how the inspection 
‘andards compare between our practice and 


p Sritish practice, we would be reticent about going 


the higher carbon material unless we were 
‘sured that the surface condition found on the 
«nutactured articles would be commercially 
sable. We may be forced to move up the carbon 
nent in our stabilized austenitic steels, but at 
resent writing the emergency alternate provi- 


sons of standard specifications limit carbon con- 
ment to 0.10 


maximum. 
i! required for welding and for ordi- 
ses is now quite comparable in com- 


“tion, os you will note from perusal of the 
tlerency 


Mat 


ary pul 


ecifications given above. 
H. D. 
Chief Metallurgist 
The Babcock & Wilcox Tube Co. 


Keep Cutting Fluids Clean 


Fosroria, OH10 
To the Readers of PRoGREsS: 

Writing for the April issue of Metal Progress, 
Joseph Geschelin, Chairman of the Independent 
Research Committee on Cutting Fluids, has said 
that a change in cutting fluids on an established 
set-up may increase production from two to ten 
times, and may make the difference between a 
fine finish and a poor one. 

In this statement of fact are the two real 
objectives of a precision grinding department. 
Thus, any procedure which looks like it may 
make a genuine contribution to better and faster 
production has the attention of those in charge 
of grinding operations. This explains why more 
and more attention is being given to cutting fluid 
selection, why the trend has been for some time 
toward fitting the coolant to the particular job 
in precision grinding. It is no longer accepted 
as good practice to count on one type of cutting 
fluid —- supplied by a central system — to do an 
efficient job on a multiplicity of grinding oper- 
ations throughout the shop. 

To keep a cutting fluid at top efficiency, of 
course, requires that it be substantially free of 
dirt, sludge, grit and other foreign particles when 
it reaches the cutting wheel. In this connec- 
tion, The Carborundum Co. has this to say about 
clean cutting fluids: 

“In recent years there has been an increasing 
tendency to rely on specially constructed wheels for 
difficult Many 
warrant such special consideration, but in numer- 


many grinding jobs. operations 
ous cases the work could be done just as well and 
more economically with a standard wheel properly 
cared for. 

“It is a generally accepted fact that a good job 
of cutting and grinding cannot be accomplished 
unless the grinding wheel is kept clean. The dress- 
ing of the wheel from time to time is, of course, 
grinding 


essential, but the importance of clean 


coolants cannot be emphasized too strongly.” 

Keeping coolants clean is a matter of proper 
filtration, removing the foreign particles from 
the fluid, so it reaches the grinding wheel in a 
clean stream. Where several different types of 
fluids are used, this means localized filtering, of 
course, because a central system cannot handle 
more than one type at a time. 

No less an authority than the Norton Co. 
expresses this opinion: “Experience has shown 
that their (localized filtering machines) use 
helps to keep the wheel face clean and free-cut- 
ting and reduces wheel truing. They are espe- 
cially helpful when fine grit wheels are employed 
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on both grinding and lapping machines for pro- — 
ducing fine finishes free from scratches which 


my! result from dirty coolant.” ESPITE a doubled capacity for electric oo, 
— E. F. Houghton Co., cutting fluid manufac- D estimates made early in 1942 indicated 4 
t Mee turer, says, “It is an established fact that the production of such steel (reserved for girers) 
soe ae minute fragments which are removed from the and engine parts, armor, and bearing stee 
f piece being ground should not be allowed to would be approximately 60° of the requirem 
eae continue to circulate through the system, as they in that year. New facilities for another jj) 
ne 5 detract from the efficiency of the grinding solu- tons of ingot capacity were authorized, by) )p 
oe tion. It is therefore important that close atten- mid-1942 it was apparent that completion w 
tion be paid to the proper filtration of these be delayed from lack of necessary materials 
ei metallic fragments from the grinding solution in equipment. In view of the ever-increasing requi 
oe order to obtain the highest degree of efficiency. ments, further expansion was later ordered by {! 
ee The most practical method of doing this is by War Production Board, and Donald M. Nels 
passing the coolant through a filter before it year-end statement hopefully anticipated the | 
reaches the grinding wheel.” electric furnace capacity by June 1943 |, 
“3 Wright Aeronautical Corp. enjoys the honor 6,153,000 tons of ingot, just about four times |! 
Z of speeding production of their famous aircraft capacity of the entire industry in 1939. 
ae engines to an unprecedented record. Realizing Ever since Pearl Harbor there has bee: 
hiecd that the goal can be attained only with good much greater demand for our product than y 
ae workmanship and top performance of tools, could supply. It is likely that this condition 
a production engineers at Wright have equipped persist until the last enemy surrenders. | 
See all their grinding machines with localized filter- therefore obvious that every effort should | Se 
i. a ing units, as the accompanying photo of a section made to increase production from the existing 
: we. of the grinding department shows. furnaces. Some suggestions toward that end 
oe Records at the Wright plant show that spoil- be made in what follows, based on some notes n: 
.- : age is at a minimum, production is speeded, presented orally at one of the War Producti nt 


finishes are improved, 

wheel dressings are less 

frequent and wheel life is 

extended by the use of 
clean cutting oils. 

| Failure to keep cutting 

fluid free from abrasives 

| is an expensive oversight, 

| because it means (a) heav- 

ily clogged wheels and 

dull cutting edges, (b) 

more frequent wheel dress- 

| ings with the attendant 

waste of wheels the 

dressing operation, (ce) 

| scratches on the work 

| requiring additional passes 

to remove these marks, 

(d) decreased production 

due to time needed to clean 

up the “fish-tails” and 

other imperfections on the 

surface of the work, (e) 

unsanitary working condi- 

tions, because dirty coolant 

is an excellent breeding 


germs. 

Pau. H. Krupp View Down One Aisle in Wright Aeronautical © , 
Fostoria Pressed Steel Corp. Showing Individual Coolant Filters at Each Gru 
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INCREASING THE YIELD 


OF ELECTRIC FURNACES 


By HARRY F. WALTHER 


sst. Superintendent of Melting, Timken Steel & Tube Division, Canton, O. 


sessions at last year’s @ convention. While the 
roblem of minimizing down-time between heats 
vill be emphasized, other important factors in 
naintaining high steel production rates will be 
nentioned. 

lt is rather difficult to generalize when dis- 
ussing electric furnace operations, since furnaces 
range in size from one ton to 100 tons, may be 
either basic or acid, and produce a great variety 
of products including castings, toolsteels and 
specialties (which are generally produced in the 
smaller furnaces) and quality alloy steels from 
the larger furnaces. The adoption of furnaces of 
wer 25 tons capacity has been comparatively 
recent. The few large furnaces which have been 
perated from 1927 have proved that more pro- 
luction of many alloy steels could and should be 
made in the larger units with greater economy 
and no sacrifice in quality. 

In order to minimize down-time between 
heats there are several factors which warrant 
liscussion. While it is true that a sizable part 
' the tonnage is made by the duplex process 
openhearth to electric) and the triplex process 
blast furnace to converter to electric) the greater 
‘mount now requires a 100° cold scrap charge. 
\n important fact to consider is that alloy scrap 
may be selected and melted with a minimum loss 
by oxidation of chromium, manganese and vana- 


dium — all eritieal elements which must be con- 
served. therefore is good practice to divert all 
“ap possible containing these elements to the 
electric { nace. 

\ good serap burden for expeditious han- 


s. sing and melting consists of approxi- 


mately 35° heavy crops, 40% medium scrap, and 
25% fairly light scrap such as flashings, bundles, 
briquetted turnings and that cosmopolitan type 
called “low phosphorus”. This charge is seldom 
available in the proper proportion; the industry 
is burdened with too much light scrap of inferior 
grade. So one of the first and most acute prob- 
lems connected with electric steel production 
revolves about the supply of cold metal. The goal 
for electric steel in 1943 is about 5,500,000 tons 
and in order to approach this figure the following 
aspects may be considered : 

1. About 25,000 tons per month of heavy 
and medium mill scrap, which would ordinarily 
be melted in the openhearth, must be diverted 
to electric furnaces, in trade for much unsatis- 
factory scrap the electric furnaces are now using. 

2. Originally, low phosphorus plate was 
clean and of proper chemical and physical 
requirements. Now, No. 1 and No. 2 busheling 
and No, 2 heavy scrap in large amounts are found 
mixed with good, clean material. Realizing that 
the scrap situation is tight and that all kinds 
must be used, it is necessary that all types of the 
lighter scrap be segregated at the source into the 
proper classification, and thus permit the steel 
melters to select and use it to the best advantage. 

3. Washing, briquetting and roasting 
medium and low carbon turnings at the source is 
found to be very advantageous at several large 
plants, and the practice should be greatly 
extended. Properly prepared briquettes are one 
of the finest types of scrap for electric furnace 
use. Since so many of the turnings of this type 
are being produced which are difficult to handle 
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in the loose, oily state, it is almost mandatory 
that greater effort be made in this direction. 
Valuable oils are also recovered. 

4. In melting the higher carbon steels, up 
to 10% of the initial charge may be low silicon 
pig iron. If some casts of the lowest phosphorus 
and sulphur content in this grade could be ear- 
marked for the electric furnace, another metal- 
mix advantage would be provided. 

(The net result of the above outlined scrap 
program would result in very much shorter peri- 
ods of charging in both door-charge and_ top- 
charge furnaces, with attendant economies and 
greater production.) 

5. Increasing the size of door openings per- 
mits the use of larger charge boxes and will speed 
up charging from 15 to 20%. This is important 
to the larger furnaces handling heavier scrap. 

6. Door arches and jambs must be so 
designed that the brickwork is not damaged in 
charging. During periods of continuous opera- 
tion, magnesite linings are justified in the basic 
furnace. However, magnesite arches and jambs 
have poor structural strength and are a source of 
delay between heats because of necessary repairs. 
Much of this may be avoided by installing water- 
cooled arches directly back of the door frame to 


supplant one course of brickwork. This arrange- 


ment supports the whole arch and jamb and is 
very efficient when serviced adequately. 


7. To eliminate bottom patching delays it is 
necessary that new bottoms be properly installed. 
The most satisfactory basic bottom is one in 
which the sub-hearth is built to the desired con- 


tour with magnesite brick, over whic} is rammed 
high magnesia refractory such as “Kami,” tos 
depth of 7 or 8 in. (less in the smaller furnace 
the hearth being insulated adjacent to the sha 
As much as 50% in time is saved by this meth 
over the practice of burning-in. If the brickwos 
is set up and sealed in such a manner that ene. 
ices are avoided, the whole bottom becomes 
monolith through which metal or slag rare 
penetrates deep enough to cause damage, thus 
requiring less servicing after the tap. 

8. Wherever possible, hand-charge furnges 
should be replaced by top-charge devices, to eg. 
serve labor and speed up production. This applic 
mainly to old units under 6 tons capacity. Th 
problem of relative performance between top. 
charge and side-charge in the large furnace clas 
remains somewhat of a moot question. However 
most of the recent installations of 50 tons or ove 
have been the door-charge type. The problem 
is one of fitting the unit to the plant layout. 

The major part of the electric output gos 
into the most critical of armament application 
in which inferior steel cannot be tolerated, Oy 
offensive program revolves around the ability 
this industry to produce in ever greater quanti 
and at no sacrifice in inherent quality. There 
fore, in supplying proper metal-mixes an 
promoting changes in furnace design and maink 
nance, down-time between heats may be min 
mized, production increased, and melting 
procedure simplified. Prior rating in raw mate 
rials will always be necessary to keep the eleetr 
furnaces melting at the highest rate. § 
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WILLIAM HUNT EISENMAN. Jr. 
Decond Lieutenant, U. S. Air Force 


March 11, 1991—May 28, 1943 


“We looked upon your photograph, and thought—is this our son? 
Of all the dreams we had for you, somehow this wasn’t one— 
That you should be in uniform, a Soldier of our Land, 

And yet we never were so proud, we hope you understand” 


(—Hilda Butler Farr.) 
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FIRED CARTRIDGE CASES 


(Continued from page 74) After reeling no cracking was 
and B (with 60% fired cases); a visible in any of the samples made 
possible explanation for this may with fired cases. No difference in 
lie in the fact that the hardening machinability could be detected. 
effect is practically confined to the Microscopic examination, both 
skin of the bar. After testing for before and after etching, at magni- 
season cracking, all the drawn bars fications up to 500X, revealed no 
showed a fine network of cracks, essential difference between the 
the extent being similar for each. mixtures made from normal mate- 


JOHNSTON FURNACES 


A TYPE FOR EVERY 
HEAT TREATING PURPOSE 


| x 27.0" x 2’-0” Recirculating 
Roller Rail Pusher Type 


Draw Furnace 


54” Dia. x 55 Ton 
Ingot Heating Furnace 


| ENGINEERING AND MANUFACTURING 
CO-ORDINATED TO PRODUCE A 
FINISHED FURNACE READY FOR 
PRODUCTION IN YOUR PLANT 


BURNERS—BLOWERS—CONTROLLERS 
STANDARD FURNACES 


‘MANUFACTURING COMPANY 


MINNEAPOLIS, MINNESOTA 
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rials and those containing Cartridg 
cases, and no traces of an antimony 
constituent were visible, 

In summary: 

1, Antimony is the deleteriog 
element introduced into brasses jp 
the use of fired cartridge cases 

2. A marked difference in 
color was observed in fractures g] 
alloys made with cartridge cass 
as compared with those made from 
usual materials, except in the cay 
of naval brass. This peculiar cole 
has been reproduced by adding, 
similar percentage of antimony | 
an alloy made entirely from ving 
metals. 

3. Approximately 0.01% ani 
mony is introduced by the use ¢ 
60% of fired cartridge cases, 

4. No difference has bee 
observed between the effect 
clean fired and muffled cases. 

5. The use of fired cartridg 
cases should be avoided in straigtf 
copper-zinc alpha-beta_ brasses 
especially 62:38, as they have 
definite embrittling effect, the pro 
erties of resistance to shock a 
cold riveting being most detr 
mentally affected. 

6. The deleterious effect a 
the 62:38 brass has been repre 
duced by adding antimony to a 
alloy of the same composition mad 
from virgin metals. 

7. It is estimated that 10t 
20% of cases can safely be used i 
leaded brasses with very sig 
impairment of properties, provided 
no other antimony-bearing materia 
is used in the mixture. 

8. At least 40% can be used 
melting 62:37:1 naval brasses. 

9. <A brass rod for forging 
made with 30% of cases, was teste 
with satisfactory results for i 
production of fuses. 

10. The effect of antimony @ 
cold drawn 2% leaded brass % 
similar to its effect on “as extruded 
material. 

11. The susceptibility of leaded 
brasses to season cracking is ™ 
increased by the use of cartridg 
cases in the mixture. 

12. Elongation of le aded brass 
rods is drastically reduced by the 
presence of 0.02 to 0.10% antimod} 
13. No detrimental effect 


antimony has been noted the 
working properties oF — 
ity of any of the copper ™ 


investigated. 
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LINDBERG ENGINEERING COMPANY 
(2450 West Hubberd Street Chicago 12, 


\\ 


rtridgs 
imony 
| 
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a furnoce equipment. 


THE FUTURE AUTOMOBILE 


on an inflexible surface. (It is 
noteworthy that the undercarriage, 
which permits the aircraft to func- 
tion as a wheeled vehicle during 
takeoff and after landing, is mainly 
a steel structure.) In any case, 
excessive lightness of the smaller 
classes of road vehicle is not a 


(Continued from page 71) 
foolproof, and it may be recollected 
that the stresses in an airframe are 
reasonably calculable; moreover, it 
operates in a resilient medium. A 
road vehicle, on the other hand, is 
subject to unpredictable impact 
stresses arising from its operation 


\ ; 
FURNACE ... zw operation 
...IN CONTROL 


This Rockwell Rotary Heat Treating Furnace 
(Rotary Type) is COMPLETE in two respects 

(1) it takes care of ner operation, in- 
cluding charging, washing, heat- -treating, pick- 
ling, drying and (2) it is fully 
automatic in control of temperature, time and 
rate of heating. 


The result . . . each individual unit of product 
is uniformly heat- treated, in the shortest time, 
with minimum labor. This is why war- -industry 
oat all over the country have chosen Rock- 
well Furnaces to assure maximum production 
of quality products. 


If your production involves heat-treating oper- 


ations, be sure to investigate Rockwell Furnaces. 


Write for Catalog 3973. 


7-43 


W. S. ROCKWELL CO., 50 Church Street, New York 


ROCKWELL 


- ROTARY HEAT TREATING FURNACE 


 (RETORT TYPE) 
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particularly desirable aim 
to the suspension problems jn. 
duced by the wid differ, 
between the unladen and th z 
load condition. 

“It is only a Step from lighg 
alloys to plastics, and here again 
is a popular theme to predict #4 
‘plastic car’. This is to plac : 
plastics industry in danger fro», 
over-optimistic friends. Before 
tic material can wisely be aq ” 
for large components an €asy mes 
of repair must be evolved. \ 
means of quantity 
molded plastics offer great » 
but the engineer should protect; 
public from low-priced but alme 
unrepairable articles, 

“But if there is no reasons 
justification for beguiling the pa 
lic into accepting the 
the road vehicle of the future g 
being something on the lines 
aircraft fuselage, it must not & 
overlooked that in aero accessor 
equipment there is much that ¢ 
usefully be adopted. Special mul 
pole plug and socket connect 
used in the complicated electri 
wiring come especially to mir 
No one who has tried to deal ¥ 
the rear connections of an instr 
ment panel needs convincing t! 
this would be a genuine forwa 
step. For heavy vehicles also, th 
very efficient high pressure pum 
serving hydraulic actuations appe 
to be equally applicable to contr 
and brake mechanism. 

“In all these things the aut 
mobile engineer has a considerabi 
duty to the public, to the car own 
and to the vehicle operator. Vs 
strides in technological develo 
ment are being taken in all dire 
tions. Much is applicable to ro 
vehicles, much is not. It is unfet 
tunate that some items of the latte 
sort appeal to those who iss 
upon being linked with all that! 
latest, whether it be desirable 
otherwise. 

“To develop the road vehict 
wisely and not merely as 4° 
modity to be sold; to help ! 
escape from that vicious sys®™ 


conception 


building the ephemeral; checs 
wanton wastage of raw materia 
and to restore to the craftsman? 
self-respect is the contribut! 
which the engineer can 
toward the shaping of the e 


things to come.” 
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Helptul Hints for 
Drilling Tough 


adopts 
ASV mes 
pd. As 
duct 
Scon 
rotect | 


Ut almog 
Pasonabye 
the pub 
eption 
les 
not 
CCessor 
at ¢ 
al mult j 
ectri 
> mi 
pal ¥ 
inst Use steady pressure and do not let drill 2 Back out when the drill has reached a depth 
ng * ride without cutting. Back out the drill three to four times the diameter of the drill 
A requently to relieve chip congestion. for first insertion—-one to two for second insertion 
Iso. th —three to four for third. 
pumy 
appe 
cont 
P alll 
derab 
owne 
Vas 
dire 
roa 
unf 
latte 
hat 3. To avoid drill breakage, always run at the 4 For deep drilling use a short spiral drill 
lle ot proper speed. A li” center drill should run and Chillo No. 140 or 143, cut back with 
about 1800 r.p.m. (30 s.f.m.). A 1” drill at 115 Amplex No. 00, further to reduce high tempera- 
hick p.m. for same surface speed. tures. For shallow drilling use Chillo No. 90 or 93. 
If you are faced with an unusual machining 
heck __ Operation or if you are not satisfied with present 1S AMMUNITION — 
suits, call in a Cities Service lubrication engineer USE IT WISELY! 
Consutation. His experience with Cities Service 
“Sesion -made cutting oils on all kinds of machin- 
t T operations is certain to help you as it has others. 
ak Sort is obligation. For a copy of an informa- 
ter ‘Ye booklet, “Metal Cutting Lubrication,” write to 
ce Oil Company. Room 1657, Sixty Wall (ARKANSAS FUELOIL COMPANY 
ower, New York 5, N. SHREVEPORT, tA, 
. 
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body of the instrument by a flexible calibrated by placing 9 yop. | 
electrical cord. (A ready-made netic layer of material of 
” INSI ECI ION instrument of this type can be had thickness, such as onion skip 
i from the General Electric Co., 0.001 to 0.002 in. thic! k, wal 
(Continued from page 98) developed to measure the thickness piece to be calibrated of , 
circuit attached to 110-volt a.c. of non-magnetic coatings on mag- checked and the measuring }, 
e power, and having two air-gap netic base metals.) of the machine. Samples to 
$ reactors with steel cores located in Procedure is as follows: Begin tested are handled in exactly , 
two of the arms of the bridge cir- by making three or four carburized same way. 
cuit. <A galvanometer determines samples with varying case depths, The deflection of the galrano J 
when the circuit is balanced, checked microscopically. It is eter indicates the depth of , 
through the use of rectifiers on essential that these calibration sam- carburized case. Accuracy 
ach side of it. One of the air-gap ples be cooled in the same manner extremely great, but is sufficion: ; 
reactors is located in the measuring as the production to be checked ascertain the uniformity of , 
head, and is attached to the main for case depth. The instrument is carburized in batch lots. pj 


too lightly or non-uniform) 
burized can thus be deter 
and retreated and reclaimed. \ 
can be either in the unharden 
in the hardened condition 
hardened gives the best results: 
OwEN W. of Onto: 
Research Foundation reminds », 
ers of Metal Progress that the & 
originated by P. E. Cavanagh 
described in the September | 
issue can readily measure dif 
ences in case depth by compar 
their induced magnetism to tha 
known standards. An imp 
model called the Magnetoscope 
now being made by Allen 
DuMont Laboratories of Pass 
N. J., and Mr. Cavanagh states 
whereas the instrument has be 
very successful in sorting mi 
parts, and has intriguing possi! 
ities in routine inspection, ther 
not yet enough experience with th 
machine on carburized work | 


Pesducten of alloy steel castings is a fussy job...requiring make definite statements as t 
extremely close control over each step in the process. Raw materials proper field of use. He belie 


. that the high frequency testing 
are checked against rigid specifications...moisture content of sand ee ee 


A ALLOY CASTING SERVICE 


SWE WATCH EL 
EACH 


is precisely controlled ...pouring temperatures are closely regulated. best, on account of the well-ko 

Result? Sound castings...free of cracks, surface defects, cold shuts fact that high frequency curr 
- hug the surface layers, and has su 
Since 1922 The Cooper Alloy Foundry Co. has specialized in the mitted photographs of the oscil 
production of stainless steel, monel, nickel, chrome-iron, chrome- scope screen showing the accur 
nickel and other alloy castings. We offer users of castings resistant in testing %-in. rounds of 1 
to corrosion, heat and abrasion, a complete alloy casting service... Time Case DeprH INpICATION 
production “know-how” plus practical assistance in the selection of 9 ber. 0.010 in. 14 units 
proper alloys. You can get sound castings from Cooper that are 2 hr. 0.017 in. 22 units 
“right” for your application. 3 hr. 0.028 in. 31 units 


TIES Naval Research 
THE Ovely ALLOY FOUNDRY WITH All THESE FACILI 


calls attention to “a good, fast, pr 


i ing Lustra- for hardnes 
i Improved cleaning . . including duction-line 
Laboratory control over raw electrolytic finishing which leaves all nase” by 
inished products. cas and depth of case ’ 
and finis P . surfaces bright. ’. “Penetor” made by Mag 
* Dual foundry...both hand and machine Castings fursiched rough, polished ot Dedek’s enetor ap 
| molding. fully machined . . . one ounce to two tons. netic Products Corp. of Detr Ja 5 
i * Heat treating of castings up to six feet Development of special alloys to meet described in Instrum nts for Jan F 
in size. unusual requirements. ary 1941. This inst: ument col 
sh specially equipped ing service gai 
* Machine shop - Technical consulting pares the unknown 
for finishing stain ess the rel ; 


standard by measur! 
tance of the magnetic paths induce 
in them by standard fields. s 
many as 1800 meas ements * 
hour can be accurate!) taken. 


THE COOpét ALLOY FOUNDRY CO. 


115 BLOY STREET #£#HILLSIDE, NEW JERSEY 
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at several 


before you 


buy 


but be sure 


you get these 


features 


Model B4884, Capacity 1000 Ibs. per hour at 1500° F. Working space 48” w x 84” dx 22” h. 


Built in 20 different sizes. 


Check List 


Shell—Reinforced steel, non-warping. 

Lining—Preburned shapes, tongued and grooved. 
Arch—Preburned shapes, lap joints. 

Hearth—SiC, nonwarping, high heat conductor, 70% supported. 
Insulation—Composite brick, thru seams eliminated. 

Door—C. |. insulated, self aligning, lock seal. 

Atmosphere Control—Gases forced through narrow slot at door filling work chamber and enveloping work. 


VON HILLERN ST.) BOSTON, MASS, U.S.A.” 


= Industrial Furnaces for All Purposes 
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NEW PRODUCTS 


Vernier Angle Gage 

The Clinometer, a_ vernier 
angle gage, has been introduced 
by Engis Equipment Co., 310 S. 
Michigan Ave., Chicago, for use 
wherever angles and inclinations 
have to be checked. Gage may 
be used to test setups in the 
inspection room. Special models 
are furnished for testing airplane 
propeller blades, ship propellers, 
and templates. 


Electronic Heaters 


A line of electronic heaters 
for high frequency induction 
heating of metal parts for braz- 
ing, soldering, and selective heat 
treatment has been announced by 
General Electric Co. Essentially 
these are power oscillators which 
convert 60-cycle power to high 
frequency power (approximately 
500,000 cycles per sec.). They are 
available in two standard sizes — 
one having an output of 5 kw. 
and the other an output of 15 kw. 


Ampac “200” Welder 


An important forward step in 
alternating current welding, in 
the form of new Ampac “200” 
welder, is announced by Allis- 
Chalmers Mfg. Co., Milwaukee. 
Described as the welder with the 
ideal operating curves, this new 
machine automatically gives the 
operator the correct voltage for 
the continuous range of currents 
available, rather than using an 
almost constant voltage at all 
current settings. This adjustment 
not only makes welding easy at 
low currents because of the high 
striking voltage, but saves power 
when welding at high currents 
because the voltage is low. 


Alternating-Current Welders 
With a view to expanding the 
value of its welding equipment 
to war industries, Harnischfeger 
Corp., Milwaukee, has added a 
complete line of industrial A.C. 
are welders to its present exten- 
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sive line of D.C. machines, Ty 
new line features the recep 
adopted “WSR” (Welding Sen 
ice Range) ratings, which sho 
the actual minimum-to-maximy 
output of usable welding curre; 
Setting and control of curr 
throughout complete welding 
service range involves one siny 
adjustment, easy to opera! 
Improvements in the contro! 
said to make it creep-proof. Th 
company has also introduced 
new all-position electrode, es 
cially for use with A.C. trans 
former welding machines. 


Tocco Heated Bomb Casings 
Combination of an automa 
cally controlled spinner ar 
Tocco induction heating enables 
the Wheeling Steel Corp. to shay 
250 and 500-lb. high explosi 
bomb casings in just two ope 
tions, in contrast to other met) 
ods which require as many 
(Continued on page 148 
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eing one of ‘asta types we build for special 
problems in Annealing. Shown here is furnace 
equipped with woven chrome nickel belt which 
can be replaced with conveyor chain suitable for 
handling heavy parts. Construction is sturdy and 
ample for maximum capacity. Heat is automatically 
controlled and speed of belt is variable. Due to 
controlled cooling cycle, this furnace is especially 
adapted to N. E. manganese steels. 


FURNACES 


FOR INDUSTRIAL 
HEAT TREATING 


Owing to the highly specialized de- 
mands for this type of equipment, we 
are prepared to confer with you in 
your own plant. Ask for our point-of- 
use engineering service. 


ENGINEERING CO. 
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NEW PRODUCTS 


(Continued from page 146) 
ten steps with reheats before 
the final shape of the bomb is 
achieved. Further, the induction 
process is a novel method of heat- 
ing for the working of steel by 
steel mills. 

In a battery of 200-kw., 3000- 


eyele, Tocco Jr. induction 
machines, equipped with induc- 
tors (designed by the Ohio Crank- 
shaft Co., Cleveland), the short 
pieces of heavy steel pipe are 
heated first for the shaping of 
the nose and then for the tail. 
Spinning follows each heating. 
Elapsed time for these two opera- 
tions on the 500-lb. bomb does 
not exceed 14 min., while the 
smaller bomb is finished consid- 
erably faster. 


BETTER PRODUCTION 
BETTER 


DETROIT 


KUHLMAN ELECTRIC COMPANY © BAY CITY, MICHIGAN 
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Toolsteel Simplified 

Ways and means of getting 
faster tooling and improved 
performance are set forth 
“Toolsteel Simplified”, by Prag 
R. Palmer, vice-president of % 
Carpenter Steel Co. Here are x 
pages of plain, practical, og: 
mon sense that will help youll 
make tools last longer, help yog 
get more production from png 
ent equipment. Priced at $1, % 
book is available for distribute 
in the U.S.A. from the Carpenigil 
Steel Co., Reading, Pa. 


Washer for Assembled Engine 


Another Howard developmeali 
is a cabinet-type cleaning machip 
to speed aircraft engines on 
production line. This machingiil 
made by Howard Engineering 7 
Mfg. Co. of Cincinnati, is 3 
high, and the sump is sunk $1 
below floor level to consery 
space and facilitate loading. Us 
form cleaning is obtained by 
turntable holding engine a 
assembly stand. Turntabl 
revolves at 4 to 6 rpm. to was 
rinse and dry one engine com 


All sol 


pletely in about 20 min. 
tions are handled through ° 
set of spray pipes pointing m4 
directions around the engine 
its stand. First wash walet, thes 
rinse water, is pumped om a 
engine parts, after which healé 


is ejectet 


high-velocity 
through the blow-o!! nozzle, 
carry away excess waler 
the engine surfaces 


‘2 
4 af 
: 
fuel and time, Their inh economy is further 
cot se. enhanced by their frequent of salvage materials 
= 
ee ae such as borings, turnings and other scrap. Write today 
| 
| 
F 
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hardening, fc or jobs, 
been that of multiple fins encompassing a readily and economically be poms 
hollow cylindrical core... the heat required unskilled workers using our highly aday 
wite ‘story for the braze frequently distorting the | fins. able “Thermonic” equipment. Heat is loco 
Induction Heating’s solution to the pe _ ized exactly where required and ¢ 
s a tough ‘is to wind wire solder around the fluxed cycles are cut to a matter of seconds . 


pe so that it lies against the joints formed _ real saving in time, labor and current c 

by core and fins .. . and simply pass a coil Our power-tube generators are the 
one “through the cylinder. As the coil passes _ efficient ever designed for this purpose. 

ig job “nd tis it heats the cylinder by induction, | Whgtever your particular heat-treating 

, in turn, heats each fin by conduc- — problem, our technical staff can and » 

a perfect, clean braze without p you. Call them in . . . and learn 
caowtes the body of the fin in any way ps at plants of every kind are ach 

Yes—after you know how! Most poo oduc' 


st 


largest Producers of Electronic Heat Treating Equipment for 
NEW YORK, | forging 
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NEW PRODUCTS 


Tool Room Furnace 

New bench type furnace for 
the tool room is offered by 
Harold E. Trent Co., Philadel- 
phia. Furnace is heated elec- 
trically, and can be controlled 
either manually or automatically. 
Heating elements are the Trent 


folded and formed, nickel-chro- 
mium, ribbon units. 


Steel Containers 

Steel containers for high pres- 
sure gases and liquids, designed 
and produced by Walter Kidde 
& Co., Belleville, N. J., have 
recently been made available for 
general use on lower priorities. 
Made of alloy steel, cylindrical in 
shape with round bottoms, they 
are necked and threaded to spec- 


Official U. S. Navy Photograph 


For the Engines of Our Naval Craft 


Michiana Trays and Fixtures Used 
in Heat-Treating Vital Parts 


@ The speed and power of the U.S. PT Boats give 
these fighters their advantages on offense and de- 
fense ... Reliability of their engines hinges on the 
dependable performance of every part, and 
MICHIANA well recognizes its responsibility in the 
production of the heat-resistant alloy furnace trays 
and fixtures used in the heat-treatment of vital parts 
of the famous Packard motors that power these craft. 
MICHIANA PRODUCTS CORPORATION, Michigan City, Ind. 


MICHIANA 
Corrosion-Resistant 


ALLOY CASTINGS 
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ification and have working pres. 
sures up to 1800 psi. 


Identometer 

The Identometer, an electri. 
cal instrument for identifying 
instantly — by the use of refer. 
ence specimens 
alloy, is now manufactured by 
the American Tubular Elevator 
Co. and distributed by the Draw 
Corp., Pittsburgh, Pa. 

With this instrument, a known 
sample is placed in series in one 


any ferrous 


of two electrical circu'ts, and the 
unknown specimen in the other 
When the two pieces of metal 
brought into contac!. the lighte 


indicator registers + 
Lut 

read scale whether ©! not 
analysis 


two are of the sa 


= 
“a 
Ad J 
j 
- 
— 
=> 
; 
4 


many USFS of cold finished steels 


are finding this new 


Wyckoff weight chart 


ectri- 
fying 
reler- 
TTOUS 
d by 


vator 


ray 


OWN 
One 


WYCKOFF DRAWN STEEL CO. 


FIRST NATIONAL BANK BUILDING, PITTSEURGH, PA. 
3200 SOUTH KEDZIE AVENUE, CHICAGO, ILLINOIS 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


New corrosion data work sheet 
acts as check list to insure considera- 
tion and evaluation of all factors in- 
fluencing corrosive action. Inter- 
national Nickel Co. Bulletin Eg-45. 

Enduro stainless steels. Republic 
Steel Corp. Bulletin Hf-8a. 


Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin Kd-85. 


Free Machining Steels. Monarch 
Steel Co. Bulletin Cd-255. 


Tool Steels. Bethlehem Steel Co. 
Bulletin Ce-76. 


Die Steels. Latrobe Electric Steel 
Co. Bulletin Ld-208. 


Enameling iron sheets. Inland 
Steel Co. Bulletin Ld-295. 


NAX high tensile low alloy steels. 
a Lakes Steel Corp. Bulletin Kd- 


Loose-leaf reference book on mo- 
lybdenum steels. Climax Molybde- 
num Co. Bulletin Hb-4. 


Four Coppco tool steels. Copper- 
weld Steel Co. Bulletin Cf-311. 


Stainless steel. Allegheny Ludlum 
Steel Corp. Bulletin Df-92. 

New process embodying both 
chemical and temperature controls 
for production of low carbon open 
hearth case carburizing steel is de- 
scribed in bulletin by W. J. Holliday 
& Co. Bulletin Bg-293. 

Shop notes on the machining of 
stainless steels. Rustless Iron & Steel 
Corp. Bulletin Nf-169. 

Aircraft Alloy Steels. Joseph T. 
Ryerson & Son, Inc. Bulletin Eg-106. 

Cromoco air-hardening die steel for 
high production is described in new 
leaflet by Firth-Sterling Steel Co. 
Bulletin Gg-177. 

Kinite alloy tool steel bar stock and 
its easy handling in heat treatment 
are described in leaflet by H. Boker 
& Co., Inc. Bulletin Gg-450. 


NON-FERROUS METALS 


Reynolds Metals Co. has issued two 
color charts showing marking for 
identification of wrought aluminum 
alloy products, rod, bar, tubing and 
shapes, and for aluminum alloy 
sheet. Bulletin Fg-436. 


Heat treatment of aluminum 
bronzes is one of the articles in leaf- 
let issued by H. Kramer & Co. Bulle- 
tin Fg-508. 

Platinum Metal Catalysts. Baker & 
Co., Inc. Bulletin Af-337. 


Die casting equipment. Lester- 
Phoenix, Inc. Bulletin Kf-437. 


Handy & Harman has issued a re- 
vised edition of their general catalog 
on Sil-Fos and Easy-Flo brazing 
alloys. Bulletin Eg-126. 

Bronze. Frontier Bronze Corp. 
Bulletin Kf-455. 


Copper Alloys. American Brass Co. 
Bulletin Kd-89. 

Aluminum Castings. National 
Bronze & Aluminum Foundry Co. 
Bulletin De-307. 


Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 
cast cavities. Cerro de Pasco Cop- 
per Corp. Bulletin Kf-421. 

Brass and bronze castings. Ham- 
mond Brass Works. Bulletin Df-371. 


Reference on properties of lead. 
St. Joseph Lead Co. Bulletin If-415. 

6th edition of Revere Weights and 
Data Handbook. Revere Copper and 
Brass, Inc. Bulletin Bg-239. 


Catalog of brass, bronze and iron 
alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin Gf-67. 


Dowmetal data book. Dow Chemi- 
cal Co. Bulletin Ec-215. 


80-page Duronze Manual, well in- 
dexed for reference, presents data 
on high strength silicon bronzes. 
eet Brass Co. Bulletin Nf- 


Forgeable tin-free bearing metal. 
Mueller Brass Co. Bulletin Cg-481. 

Surface protection for magnesium. 
American Magnesium Corp. Bulletin 
Cg-482. 


Standard specifications for all 
grades of aluminum alloys (casting 
grades only). Federated Metals Div., 
American Smelting and Refining Co. 
Bulletin Cg-478. 


Rare metals, alloys and ores. Foote 
Mineral Co. Bulletin Cg-483. 


Everyone joining pont 
als needs the 1: 
house Brazing Booklet. 
with timely ideas for saving me 
hours and critical materials. wo 
inghouse Elec. & Mfg. Co, Bullets 
Dg-134. 

“The Story of Magnesium’ is Nan 
of illustrated booklet issued by a 
Permanente Metals Corp. 
Gg-523. 


“Sureweld” protected are ees. 
trodes. Hollup Corp., division 
National Cylinder Gas Co, Bullet 
Ag-331. 

Welding Stainless. Page Steel 4 
Wire Div., American Chain & Cab 
Co., Inc. Bulletin Ne-86. 


Chart explains how to select proper 
flux for every welding, brazing and 
soldering job. Krembs & Co. Bu 
letin Ff-393. 

Electrode quantity and welding 
time graph. Arcos Corp. Bulletis 
Ld-191. 


Oxy-acetylene welding and cutting 
Air Products Co. Bulletin Ge 

Sciaky radial portable welder. Sc. 
aky Brothers. Bulletin Kf-425, 

Two-stage “Regolator” for produ 
ing a non-fluctuating welding flame 
National Cylinder Gas Co. Bulletir 
Af-331. 

Speed is increased 20 to 3% 
and power costs cut one-third with 
the Flexarc A-C welders described 
in new booklet by Westinghous 
Electric & Mfg. Co. Bulletin Ag-13 

Data book facts on spot, seam ané 
flash welding ferrous and non-fer 
rous metals and alloys. P. R. Ma 
lory & Co., Inc. Bulletin Cg-220 

Welding and brazing of alumioun 
a new data book issued by Alum 
num Co. of America. Bulletin (4 

Shield Arc electrodes. McKay 
Bulletin Gf-248. 

Modern goal in equipment desig 
and welding technique is outlined 
in bulletin “New Advances in 4 
Welding Equipment Design » 
Harnischfeger Corp. Bulletin Dg-!’) 


Use Handy Coupon on Page 182 

for Ordering Helpful Literature. 

Other Manufacturers’ Literature 

Listed on Pages 152, 156, 158, 160, 
162, 164, and 168 


for Top Efficiency 
in Thread Grinding 


e ie Thread Grinding Oils are in wide use, giving unequalled 
efficiency at neminal cost. Developed in co-operation with 

leading manufacturers of thread grinding machines and wheels, 

they have been proved in many of the largest and most modern 

A Stuart Oil Engineer will gladly 
help you achieve top efficiency in thread grinding. Ask him to 


metal working plants . . . 


come in. 


Chicago, U.S.A. ° 


Metal Progress; Page 154 


T° “For All Cutting Fluid Problems 
D. A. STUART OIL CO. 


LIMIFED 
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age of STEEL 4 


Power of the future. « « « Whether it comes from the harnessing of rivers, 
from the cracking of atoms or from huge engines burning coal or oil— 
always there is the problem of application. « + + It is here that the engineer 
and the creative steel-maker join forces—here that Midvale, specialist in 
working large masses of steel, will bring skill and knowledge to power 
transmission of the future. 


MIDVALE 


Custom Steel-Makers to Industry 


PHILAN; LPHIA + New York + Chicago + Pittsburgh + Washington + Cleveland + San Francisco 
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NEW 


IN MANUFACTURERS’ LITERATURE 


Hercules 
Bulletin 


Precision welder. 
Electric & Mfg. Co., Inc. 
Nf-470. 

Improved method for weldin 
iron is described by Eutectic 
ing Alloys Co. Bulletin Fg-301. 

Nu-Braze No. 4, an improved silver 
brazing alloy for use with ferrous 
and nonferrous metals is described 
by Sherman & Co. Bulletin Fg-514. 

Direct-current, single-operator arc 
welders are discussed in new 12-page 
bulletin issued by General Electric 
Co. Bulletin Gg-60. 

New electrode comparsion chart 
has been issued by Air Reduction Co. 
and is said to simplify buying of 
competitive welding electrodes. Bul- 
letin Gg-69. 

New “200” welder is described by 
Allis-Chalmers in Bulletin Gg-522. 


TESTING & CONTROL 


SR-4 strain gage and illustrations 
of its many uses. Baldwin South- 
wark. Bulletin Eg-67. 

Just out is Westinghouse’s new 
book containing a wealth of practi- 
cal, usable information on industrial 
inspection by x-ray. Westinghouse 
Electric & Mfg. Co. Bulletin Eg-134. 

X-Ray Diffraction Unit. General 
Electric X-ray Corp. Bulletin Hc-6. 


cast 
eld- 


New fixtures and accessories to ex- 
tend usefulness of X-ray quartz 
analysis apparatus are described b 
Philips Metalix Corp. Bulletin Fg-471. 


New illustrated booklet describes 
time - saving metallurgical polishing 
equipment by Tracy C. Jarrett. Bul- 
letin Fg-303. 


New Picker X-Ray accessory and 
supply catalog illustrates many ac- 
cessories employed in_ industrial 
radiography. Bulletin Eg-348. 

Radiographic identification of neg- 
atives with lead markers is described 
in leaflet by H. W. Knight & Son, Inc. 
Bulletin Eg-503. 


Electric healers and controls for 
industrial and laboratory. American 
Instrument Co. Bulletin Eg-259. 

12-page catalog describes electric 
motor valve operators as applied to 
standard temperature control 
systems for fuel-fired furnaces. Auto- 
matic Temperature Control Co. Bul- 
letin Fg-384. 

Carbon - Meter for rapidly deter- 
mining carbon at the furnace is de- 
scribed in booklet by E. Leitz, Inc. 
Bulletin Fg-47. 

8-page bulletin describes line of 
new convertible free-vane air- 
operated controllers. Bristol Co. 
Bulletin Fg-87. 


New 29-page cata 
Electric Control — h 
sued by Leeds & Nor 
letin Bg-46. 


“Kodak Produots 
Radiography”. 
Bulletin Ff-395. 


Inspection of non-ma i 
with the new Zyglo method. Me 
flux Corp. Bulletin 1f-401. 


Industrial radiograph i 
dium. Canadian Radium 
Corp. Bulletin Ff-320. 


radi 
adium emical Co., Ine. 
Bf-345. 


Film and plate processing eqiy 
ment for spectro analysis. Harry ¥ 
Dietert Co. Bulletin Af-198, 


Potentiometer temperature indies 
tors. Foxboro Co. Bulletin Ef-2, 


Gage blocks, comparators, projes 
tors. George Scherr Co. Bullets 
Kf-206. 


Pyrometer Controller. Wlinois Tex 
Laboratories, Inc. Bulletin 


Portable Brinell hardness tester and 
folding Brinell microscope. Andrey 
King. Bulletin Df-377. 


) — 
just been 
rup Co. By. 


for I 
Eastman Koda 


Use Handy Coupon on Page 152 

for Ordering Helpful Literature. 

Other Manufacturers’ Literature 

Listed on Pages 152, 154, 158, 10, 
162, 164 and 168. 


vents specimen damage. 


soft materials. 


trained attendant. 


* 


Send for new catalog and 
complete information on this 
x modern method of specimen 
preparation. 


METALLURGICAL SPECIMENS 
with the JARRETT submerged cutter 


The low speed, submerged cutting principle of the JARRETT 
Cutter insures clean cuts, eliminates over-heating and burring, pre- 


This modern machine cuts specimens up to 8” long by 114” 
diameter of hardened steel, ores, coarse grained metals as well as 
Cutting wheel operates at slow speed. Produces 
smooth surfaces, ready for polishing without grinding or machining. 


Simple automatic operation; requires no skilled or technically 


METALLURGICAL POLISHING EQUIPMENT 
3155, CATONSVILLE, MD. 
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ROTOBLAST BARREL HYDROCORE KNOCKOUT SANITARY WARE CLEANING 
AUTOMATIC CYLINDER 
AIR BLAST ROOM CLEANING 


ROTOBLAST TABLE 


YOU GET 
| S*P*E*E-D WITH EFFICIENCY 
“TIN BLAST CLEANING 
a EQUIPMENT MADE BY | 


| World’s Largest Manufacturer of Blast, 
_ Cleaning and Dust Control Equipment 


~~ HAGERSTOWN 
RY: 


AIR BLAST CABINET DUST COLLECTOR 


DUST COLLECTOR 


ROTOBLAST BARREL 
AIR BLAST ROOM 


AUTOMATIC BOMB CLEANING 
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WHAT’S NEV 


IN MANUFACTURERS’ LITERATHp: 


Universal testing machines 4p, 
typical uses. Riehle Testing Machi», 
Div., American Machine and Mets), 
Inc. Bulletin Cf-157. 


Slomin high speed 
analyzers and other metallurgics) 
laboratory equipment. EF. H. Sargen 
& Co. Bulletin Kf-458. . 


Surface Analyzer. Brush Develop. 
ment Company. Bulletin Kd-2g9, 

Micro-Optical Pyrometers. Pyrop. 
eter Instrument Co. Bulletin Ke-37 

X-Ray metallurgical! laborator 
service. Claud S. Gordon Co. Bulle. 
tin Nf-53. 

64-page booklet on the precision 
control of industrial precesses 
Brown Instrument Co. Bulletin Ni 


Dillon tensile tester and the Dillor 
dynamometer are described and jl. 
lustrated in new leaflet issued } 
W. C. Dillon & Co. Bulletin Ag-46§ 


An innovation in the manual meth 
ods of gas analysis known as Cats 
ysis is described in leaflet by Burre 
Technical Supply Co. Bulletin Dg-21: 

Catalog and engineering data book 
on industrial thermocouples. Arklay 
S. Richards Co. Bulletin Dg-330. 

Optical Aids. Bausch & Lomb Opti- 
cal Co. Bulletin Ce-35. 


Coleman universal spectrophotom- 
eter. Wilkens-Anderson Co. Bulle 
tin Lf-7. 

Metallographic polishing powder. 
Conrad Wolff. Bulletin Cf-368. 

Metallurgical Equipment. Adolph 
I. Buehler. Bulletin Ke-135. 


Hardness testing equipment. Wi: 
son Mechanical Instrument Co., Ine. 
Bulletin Cf-22. 

Identometer for rapid identifica 
tion of steel is described and illus 
trated in booklet by Dravo Cor 
Bulletin Gg-516. 

New condensed catalog gives prices 
and descriptions of instruments ‘ 
fered by Wheelco Instruments ‘ 
Bulletin Gg-110. 

Eberbach micro hardness tester 
illustrated and described in ne 
booklet by Eberbach & Son Co. Bu! 
letin Gg-524. 


HEATING ® HEAT TREAT 
MENT 


36-page catalog illustrates Kold- 


Hold line of thermal, sub-zero #° 
stratosphere processing and testing 
machines. Kold-Hold Mfg. Co. Bulle 
tin Eg-399. 


Homo method for nitriding is 4 


scribed and illustrated 
page catalog by Leeds & Northrup 
Bulletin Eg-46. 
Use Handy Coupon on 152 
for Ordering Helpful | 
Other Manufacturers | toreture 
Listed on Pages 152, 1° 156, 160 
162, 164, and 


APPLIED.... 


potentiometer controller) is de- 
hose applications requiring the utmost 
-uracy and sensitivity. There is no time lag 
cetween temperature deviation and complete con- 
thereiore, far superior performance than is 
ssidie with any other known method of tem- 
ature As in all Wheelco “Electronic 
trollers, the faults inherent in other 
ers are eliminated. Available in 
t models and combinations. Scale 
‘ange 0 to 600° F., or equivalent °C. Bulletin 
r and completely describes the 
rite for your copy! 


POTENTIOMETER 
CONTROLLERS 


1938 


providing the ultimate 


in temperature control 


In 1938—Wheelco completed another phase of its 
research in the application of Electronics to the dire 
needs of industry. 


In 1938—Wheelco gave industry the ultimate in tem- 
perature control by combining the instantaneous 
control action of the “Electronic Principle’ Control 
System with the well known accuracy of tempera- 
ture measurement of the potentiometric method. To 
this miracle of instrumentation was added the choice 
of features of Chronotrol (Program Control) and Pro- 
portioning Control—an achievement that further 
revolutionized temperature control instrumentation. 


Only the years of actual experience in applied Elec- 
tronics can hope to provide the extreme accuracy 
and sensitivity found in all Wheelco Controllers—in 
service today with the miracles others promise to- 
morrow! 


Wheeles Insthuments Gr. 


635 W. HARRISON STREET... CHICAGO, ILLINOIS 


Orig ‘nator of "Electronic Principle” Temperature Controls 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Lithco, the chemically-neutral heat 
treating process, and Lithcarb, the 
process for fast, bright gas-carburiz- 
ing. Lithium Corp. Bulletin Ef-319. 


Internally heated salt bath furnaces 
and pots. Upton Electric Furnace 
Div. Bulletin Ef-386. 


Induction heating. Induction Heat- 
ing Corp. Bulletin Ef-323. 


S.F.E. Standard Industrial furnace 
catalog. Standard Fuel Engineering 
Co. Bulletin Kf-388. 


Easy-selection charts on_ gas- 
burning equipment. National Ma- 
chine Works. Bulletin Ag-310. 

Electric Furnaces. Ajax Electro- 
thermic Corp. Bulletin He-41. 


8-page pictorial bulletin describes 
the heat treating service of Conti- 
nental Industrial Engineers, Inc. Bul- 
letin Nf-154. 


Hagan rotary forging furnaces are 
described in bulletin by George J. 
Hagan Co. Bulletin Cg-476. 

Comprehensive, 100-page textbook 
describes constructional features, 
capacities, operation and_ instru- 
mentation of nitriding furnaces. 
Nitralloy Corp. Bulletin Fg-116. 

New 20-page booklet describes 
centrifugal blowers and exhausters. 
Roots onnersville Blower Corp. 
Bulletin Fg-131. 


ore illustrated booklet shows 
many applications of Lindberg fur- 
naces for accurate heat treatment of 
aluminum, magnesium and_ their 
alloys. Lindberg Engineering Co. 
Bulletin Fg-66. 

Heavy duty high temperature allo 
steel fans are described by Despatc 
Oven Co. Bulletin Fg-123. 


_48 illustrated pages describe Pre- 
cision - Freas constant temperature 
control cabinets. Precision Scien- 
tific Co. Bulletin Fg-510. 

_“The Trend Is Toward Salt” is 
title of interesting leaflet showing 
several examples of heat treatment. 
Ajax Electric Co. Bulletin Fg-43. 

Unusual accessibility and other 
features of new high temperature 
fans are described in new leaflet by 
Mahr Mfg. Bulletin Fg-5. 

Gas, oil and electric heat treating 
and carburizing furnaces. Holcroft 
& Co. Bulletin Lf-203. 

Rotary Hearth Furnaces. Lee Wil- 
son Sales Corp. Bulletin Ce-302. 


Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin Ff-321. 

_ Industrial ovens, rod bakers, weld- 


ing rod ovens, furnaces. Carl-Mayer 
Corp. Bulletin Bf-183. 


Full muffle and other h e 
furnaces described catalan 
Charles A. Hones, ine, Bulletig 
Eg-445. 


56-page vest pocke! data book og 
heat treating practices and proc 
dures. Chicago Flexible Shaft ¢, 
Bulletin Hf-49. 

Non-metallic Electric Heating 
ments. Globar Div., Carbone 
Co. Bulletin Lb-25. 


24-page catalog describes gas 
and electric Holden heat treating py 
furnaces, and baths. A. F. Holden (, 
Bulletin Lf-55. 


Modern electric furnaces for bey 
treating. Harold E. Trent Co. in ney 
Bulletin Lf-461. 


Control of temperatures of 
ing baths. Niagara Blower 
letin Cf-367. 

Molten Salt Baths. E. I. 
de Nemours & Co., Inc., Electroches 
icals Department. Bulletin If-413, 

Faster production with 
hardening, brazing, annealing aé 
heating machines. 16-page bookk 


by Ohio Crankshaft Co. Bulletis 


Lf-145. 


Kleen-well oil strainers for quenc 
oil cooling systems. Bell & Gossel 


Co. Bulletin Lf-287. 


Use Handy Coupon on Page 152 

for Ordering Helpful Literature. 

Other Manufacturers’ Literature 

Listed on Pages 152, 154, 156, 15, 
162, 164 and 168. 


RITE-TONERDE 
(levigated alumina) is unequalled 
in quality and guaranteed to give 
perfect results. It is the standard 
polishing powder in modern metal- 
lography. RITE-TONERDE is made 
in 3 grades, #1, #2 and #3, 
for hard, medium and soft steels, 
to meet the specific conditions 


P. O. Box 448 


ingot molds, etc. 


POLISHING 
POW 


— 


prevalent in metallurgical labora Geren ROUGE 


tories. POLISH (levigated 
Chromic Oxide) 
Price list upon request. 
MILD POLISH (levi- 
+ gated Tin Oxide) 


The RITE-PRODUCTS are independently manufactured in cour 
plant, in Irvington, N. J., by 


CONRAD WOLFF, Dr.-Ing. 


Also mfig.: LUNKE-RITE, an extremely effective, exothermic, 
powdered compound used on steel ingots with. 
or without, hot tops; also on steel castings. 

RITE-MOLDCOTE, now the best sprayable coating for 


Detroit. 


Newark, N. J. 
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Alloy Steels for Offense 


Scientifically selected to conserve 
critical alloys and meet the require- 


ments of the AIRCRAFT, ORD- 
NANCE, and MACHINE TOOL 


industries. 


Complete “EARMARKED" stocks 
of Aircraft alloy steels at Buffalo and 


WHEELOCK, LOVEJOY & CO., INC. 


138 Sidney Street, Cambridge, \°" 
CLEVELAND - CHICAGO - NEWARK - ETROM 


BUFFALO - CINCINNATI 
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SECO Gos Generotor and Hot 
Purge Units are shown here. Having 
@ copacity of 3,000 «. f. m.. this 
equipment produces protective 
otmosphere of various compositions, 


Here the nmeating hood is roised, 
showing the inner cover under which 
the charge is placed. After the heat- 
ing-sooking cycle is completed, the 
hood may be removed and placed 


— on another chorge, leaving the inner This shows the heating hood in ploce with thermocouples and eoch with its especial. correct anal- 
cover in position until the charge fuel connections ready for operation. Notice the coreful, cleon- ysis for any annecling purpose. 
hos finished cooling. cut engineering construction. 

, This Salem, direct-fired, protective-atmosphere Because Salem's method of direct-firing utilizes 
annealing furnace will anneal high-carbon and the full value of the heat, this furnace lowers 
low-carbon steel—bars, sheets, and strip. It is now cost of production and maintenance. The ingenious 
being used to anneal SAE-52100 steel. Precisely placement of Salem direct-firing burners creates 
controlled compositions of atmosphere may be swirling currents of heat which bathe the entire 
varied co produce the correct analysis for each charge. This results in elimination of hot spots 
individual charge. Fired with gas at an operating and provides precision controlled uniformity of 
temperature of 1450° F., this furnace has temperature. Salem can help you solve 


a capacity of 40,000 pounds of bar any phase of your heat treating prob- 


stock in one charge. The heating- | lems from design and engineering to 


soaking-cooling cycle is 20 hours. ey — os building of equipment. 


SAGEM ENGINEERING CO. - SALEM, OHIO 


ANNEALING WITH DIRECT 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Gas cracking unit for production 
of a protective atmosphere during 
heat treatment of alloy and high car- 
bon tool steels. Hevi-Duty Electric 
Co. in new Bulletin Lf-44. 

Unichrome alkaline copper proc- 
esses for improvement of selective 
hardening and deep drawing of 
steel. United Chromium, Inc. Bulle- 
tin Lf-463. 

Handling cylinder anhydrous am- 
monia for metal treaters. Armour 
Ammonia Works. Bulletin Lf-443. 

“Pulverized Coal, the Victory Fuel’. 
Amsler-Morton Co. Bulletin Ff-286. 

Heat treating furnaces. Johnston 
Mfg. Co. Bulletin Ff-155. 

Drycolene. General Electric fur- 
nace atmosphere. Bulletin Df-60. 

Dual-Action quenching oil. Gulf 
Oil Co. Bulletin Df-360. 

Electric box type and muffle fur- 
naces. H. O. Swoboda, Inc. Bulletin 
Ef-379. 

Industrial Furnaces. W. S. Rock- 
well Co. Bulletin Kce-34. 

Certain Curtain Furnaces. C. I. 
Hayes, Inc. Bulletin Ne-15. 


Air-Oil Ratiotrol for proportioning 
flow of fuel oil and air to oil burners 
is described in new bulletin by the 
North American Mfg. Co. Bulletin 
Dg-138. 

Blue Print for Industry is title of 
new handbook presenting oven engi- 
neering information on 28 installa- 
tions with description of design and 
process. Industrial Oven Engineer- 
ing Co. Bulletin Dg-494. 


Interesting and helpful informa- 
tion available on the use of alloy 
pots for heating operation by the 
Swedish Crucible Steel Co. Bulletin 
Cg-484. 


Gas-air premix machine. Eclipse 
Fuel Engineering Co. Bulletin Cg-226. 


Two new bulletins on vertical car- 
burizers and on _ carbonia finish. 
American Gas Furnace Co. Bulle- 
tin Cg-11. 

Low temperature equipment for 
aging, shrinking, etc. Deepfreeze 
Div., Motor Products Corp. Bulletin 
Kf-444. 

Heat treating furnaces. McCann 
Furnace Co. Bulletin Kf-446. 


Foremost in the Production 
of QUALITY STEELS... 


Moore Rapid 


For the melting of plain carbon and alloy steels, 
and gray and malleable irons. 


PITTSBURGH LECTROMELT FURNACE CORPORATION 


PITTSBURGH, PENNSYLVANIA 


Furnaces 
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Controlled atmosphe 
heat treatment of to eae be 
steels. Delaware Too! Stee} Con 
Bulletin Kf-439. 


Furnaces. Tate-Jones 
Kf-447. Co. Ballet 
Industrial Carburetors. ¢ 
Kemp Mfg. Co. Bulletin ~ 


_ New Van Norman induction heat. 
ing units are comprehensively de- 
scribed and typical operations Die. 
tured in attractive 8-page folder by 
Van Norman Machine Tool Co, Bui. 
letin Dg-487. 

New 8-page, well-illustrated caiy 
log describes equipment for flan. 
hardening, flame-annealing, mechs. 
nized-brazing, preheating and othe 
localized open heat treatments }y 
the Selas Co. Bulletin Dg-214. 

High and low temperature dire 
fired furnaces as well as convecti 
types for stress relieving and dray 
ing are described in new 8-page |e! 
let by R-S Products Corp. Bulletiy 
Dg-234. 


Heat treating, brazing and met 
ing of ferrous and non-ferroy 
metals. Lepel High Frequecy La). 
oratories, Inc. Bulletin Ke-211, 


Vertical Furnace. Sentry Co. Bu- 
letin Ne-114. 

Conveyor Furnaces. Electric Fw. 
nace Co. Bulletin Be-30. 

New Electric Furnace. Americar 
Electric Furnace Co. Bulletin G¢-2 

Newly developed salt bath mate 
rial for use in Martempering process 
E. F. Houghton & Co. Bulletin Dg-38 

Electric Furnaces for laboratory 
and production heat treatment. Hos 
kins Mfg. Co. Bulletin Cf-24. 


Furnace Experience. Flinn & Dret- 
fein Co. Bulletin Bc-82. 


Flame-type mouth and taper a 
nealing machine for stee! cartrids 
cases. Morrison Engineering Cor 
Bulletin Nf-305. 

Dehumidifier. Pittsburgh Lectre 
dryer Corp. Bulletin Bb-187. 

No-Carb, a liquid paint for preves 
tion of carburization or decarburiz 
tion. Park Chemical Co. Bulletin 
Nf-141. 

Furnaces. Dempsey Industrial Fur 
nace Corp. Bulletin Ke-260. 

High Temperature Fans. Michiana 
Products Corp. Bulletin Hb-81. 

Turbo-compressors. Spencer Tur 
bine Co. Bulletin Cf-70. 

16-page engineering and ‘ata book 
let on proportioning oil burners 
Hauck Mfg. Co. Bulletin Nf-181. 

Pictorial bulletin describes fur- 
naces for heat treating, normalizing 
annealing, forging. \wican Corp 
Bulletin Ag-448. 

Various Surface Combustion 18s 


lations engineered for batch — 
ing on a production bas's are 8 
in new leaflet. Bulletin (¢-9l. 
Use Handy Coupon on ate 182 
for Ordering Helpful | 
Other Manufacturers 
Listed on Pages 152, 1°. 156 158 
160, 164 and | 
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Here’s Practical Help 
for “Trouble Shooting 
Tool Failures 


TOOL STEEL SIMPLIFIED 


By Frank R. PALMER 

Vice-President of 

The Carpenter Steel Company 
315 Pages 205 Illustrations 


$1.00 Postpaid in U.S.A, 
Elsewhere $3.50 


Being able to “trouble shoot” tool failures 
--knowing how to find what’s wrong and correct 
ic, how co spot tools that might /ook all right, but 
may cause unnecessary shutdowns—is particularly 
important now. And that is one reason why 
‘Tool Steel Simplified” has become almost the 
“bible” of so many men responsible for tools. 


This down-to-earth, practical handbook goes 
into the subject of “trouble shooting” in a way 
that you can put to work right in your own shop 
or ol room. Tells in plain shop language such 
useful things as how to stop spalling in service, 
how to avoid heat checks, how to correct soft 
spots, hardening cracks, size change. 


And “trouble shooting” is only one of 
many subjects covered by “Tool Steel Simplified”. 
it contains usable, helpful information on every 


Bphase of tool and die making—tool steel selection, 


heat treating, furnace atmospheres, quenching, etc. 


You can really use the information in 
Tool Steel Simplified” to help you get better, 
nger-running tools—as thousands of other tool 
men are now doing. The book is available at cost, 
*!.00 per copy in the U.S. A. ($3.50 elsewhere). 
Order as many copies as you need now. 


MAIL TODAY 


teading, Pa. 


Dept. 6F 
Pleas ud me postpaid a copy of ‘Tool Steel 
enclose $1.00 ($3.50 outside the 
3 im full payment for the book. 
Title 
— 
Marling (Please Print) 
Address: 
Stote 


The Advantage of 
A Single Source of Supply 


a 


THERMOSTATIC 


CURTISS WRIGHT CORP 
PROPELLER Div PROTO 


* The facilities of Tue H. A. 
Wuson Company enable manu- 
facturing customers to secure 
both electrical contacts and thermostatic bimetals from a single 
and dependable source. This is important, for materials from 
these two groups are frequently used in conjunction, as parts in 


the same device. 


* Wan, stresses the vital importance of perfected team play; and 
Wico Electrical Contacts and THermometats (thermostatic bi- 
metals) are now functioning with flawless coordination in various 
plane, tank, gun and ship applications. They also function sepa- 
rately or together in various instruments of the Army and Navy. 


Wiuco Propucrs Are: Contacts—Silver, Platinum, Tungsten, 
Alloys, Powder Metal. Thermostatic Metal—High and Low Tem- 
perature with Electrical Resistance from 24 to 530 ohms per sq. 
mil.-ft. Precious Metal Collector Rings—For rotating controls. 
Jacketed W ire—Silver on Steel, Copper, Invar, or other combina- 
tions requested, 


Witco sales and engineering representatives are familiar 
with both Electrical Contact and THeRMOMETAL applica- 
tion. Send us your problems for analysis or write for a 
copy of the new Wilco Blue Book of Thermometals and 
Electrical Contacts. 


Tue H. A. Witson Company 
105 Chestnut St., Newark, N. J. 


Branches: Chicago * Detroit 
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THE 
PENINSULAR 
STEEL 
co. 


TOOL AND DIE STEELS 
COLD DRAWN BARS 
DRILL ROD 


SIX 


Convenient Warehouses 


Chicago — N.B. McKeagan 
4532 W. Palmer St. CAP.3456 


Cleveland — Walter O. Kurtz 
9999 Lakeside Ave. CH. 7173 


Dayton —L. E. Dallas 
401 Kiser St. AD. 3121 


Detroit — H. J. Kurtz 
H. H. Kurtz 
1030 McDougall Ave. FI-8900 


Grand Rapids —£. 8. Good 
1590 Madison Ave.,S.E. 50448 


Toledo — G. E. Reminger 
25 Sylvania Ave. KI. 5488 


Sales Representatives 


Akron — Jas. A. Shattuck 
2443 8th St. WA.8745 


Erie—C. E. Wolff, Jr. 
3816 Sassafras St. 714-49 


WHATS NEW 


IN MANUFACTURERS’ LITERATURE 


REFRACTORIES & 
INSULATION 


Insulating ebrick. Babcock & 
Wilcox Co. Bulletin Ce-75. 


Cromox, a new protective refrac- 
tory coating material for prolonging 
the life of firebrick, insulating fire- 
brick, and castable refractories in 
coal, oil, gas-fired and electric fur- 
naces, as well as in nonferrous melt- 
ing furnaces. Federal Refractories 
Corp. Bulletin Eg-497. 


Heavy Duty Refractories. 
Co. Bulletin Ie-88. 


Super Refractories catalog. Carbo- 
rundum Co. Bulletin Ld-57. 


P. B. Sillimanite refractories. Chas. 
Taylor Sons Co. Bulletin Ef-218. 


Conductivity and heat transfer 
eres. Johns-Manville. Bulletin Df- 


Ramix bottom for basic open 
hearth furnaces. Basic Refractories, 
Inc. Bulletin Nf-192. 

Brickseal refractory coating. Brick- 
seal Refractory Co. Bulletin Ag-469. 


Norton 


FINISHING, PLATING, 
CLEANING 


Fine illustrated folder describes 
Roto-Finish equipment and its use 
for de-burring, buffing, polishing and 
ae Sturgis Products Co. Bulle- 
tin Eg-504. 

A protective, deep black finish to 
oo Heatbath Corp. Bulletin Hf- 


Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin Ne-329. 


Four new booklets describe black- 
ening processes for metals, for alu- 
minum, zinc and copper. Enthone 
Co. Bulletin Fg-240. 


Motor-Generators for electroplat- 
ing and other electrolytic processes. 
ve Electric Mfg. Co. Bulletin 


Pickling. Wm. M. Parkin Co. Bul- 
letin Ff-193. 


Detrex metal cleaning machines, 
metal cleaning chemicals and proc- 
essing equipment. Detroit Rex Prod- 
ucts Co. Bulletin Lf-111. 


Airless Rotoblast. Pangborn Corp. 
Bulletin Hf-68. 


Cadmium E. I. duPont 
oe & Co., Inc. Bulletin Hd- 


Degreasers. Phillips Manufacturing 
Co. Bulletin Nc-254. 


Tumbling and cleaning. Globe 
Stamping and Machine Co. Bulletin 
Kf-456. 


Rust inhibiting wax coatings for 
rotection of metal. S. C. Johnson & 
on, Inc. Bulletin Kf-426. 
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New industrial washing ¢ ui 
is described by American ‘Foundn 
Equipment Co. Bulletin 


“Indium and Indium Plating’, |p, 


of America, Bulletin 


MELTING e CASTING ¢ 
OPERATIONS 


Care of crucibles for brass, copper 
aluminum and magnesium industries 
Electro Refractories and Alloys Corp 
Bulletin Ff-396. 


Manganese-Titanium Steel; 
Titanium Alloy Mfg. Co. Bulletiy 
Ga-90. 

Ingot Production. Gathmann Engi 
neering Co. Bulletin Ka-13. 


“Electromet Products and Service 
Metallurgical Co. Bulletin Bf. 


Chrom-X for steel mill and found. 
ry. Chromium Mining & Smelting 
Co. Bulletin Kf-451. 


Lectromelt Furnaces. Pittsburg 
Lectromelt Furnace Corp. Bulletin 
Db-18. 


Electric Furnaces. Detroit Electric 
Furnace Div., Kuhlman Electric Co 
Bulletin Hd-271. 


Alloy additions to gray iron, malle- 
able and semi-steel are discussed and 
newest information presented in 
booklet by Niagara Falls Smelting ¢ 
Refining Corp. Bulletin Dg-467. 


“Fisher Magnesium Scrapbook 
title of interesting and helpful book 
let issued by Fisher Furnace Co. bv 
letin Gg-195. 


ENGINEERING e APPLICA: 
TIONS e PARTS 


Chace manganese alloy No. 77°! 
sheets, strips, rod and special shapes 
described W. M. Chace Co. Bub 
letin Eg-232. 


Centrifugal castings. Shenange 
Penn Mold Co. Bulletin Eg-174. 
Electrical, and 
sisting alloys in rod, wire, ribbe" 
and tri forms. Wilbur B. Drive 
Co. Bulletin Kf-430. 
Carburizing Boxes. 
Co. Bulletin Ce-269. 
Duraspun Centrifugal Casting 
Duraloy Co. Bulletin Bf-233. 
12-page booklet presents & 
deal of useful information on 
specialties Summerill /ubing 
roducing, including ‘apere’ 
ormed tubes and wide vee. 
special shapes. Bulletin 
Page 152 
rerature. 
iterature 
156, 158 


Pressed Stee 


Use Handy Coupon 
for Ordering Helpfu! 
Other Manufacturers 
Listed on Pages 152, 
160, 162 and 
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Pp" AMINCO-BRENNER 


<> 
MAGNE-GAGE 


by H. J. French 


In Charge of Alloy Steel and Iron Development 
International Nickel Co. 


Mr. Frencn’s lectures on “Alloy Construc- 
tional Steels” were so well received at the 
1941 Western Metal Congress that they were 
made into a book which is now off the press. 


This 275-page book covers alloys in com- 
mercial steels—why alloy steels are used— 
selection of alloy steels—typical commercial 
uses—commercial steels and manufacturing 
variables—high alloy steels—wear—how al- 
loying elements may affect corrosion of 
steels—processing and special treatments. 


In a time when much of our steel is being 
used for construction, the valuable informa- 
tion contained in this book is particularly 
important and timely. Order your copy 
today. 


275 pages . . . 95 illustrations 
.. 6" x9... Cloth binding 


$4.00 
Published by 


American Society for Metals 


7301 Euclid Avenue Cleveland, Ohio 


methods. 


RAPID . Permits testing of a large ste 
number d specimens at low cost, with fications. % Its use readily suggests whether or not 
little experience. re-design or rearrangement plant 
NON. : a —_ ece tested is unharmed an equipment is necessary to produce a 
Pee DESTRUCTIVE ... will not injure use or shipment. more nearly uniform distribution of 
* coating or the base metal. . coating. It lends itself, therefore, to 
UNIVERSAL... plas. * tedious, increased production and better 
convex or concave surfaces. ly the C 
CO or works control or acceptance testing, you can apply t agne-Gage 
ae, .» PORTABLE . . . weighs method with profitable results it will pay you to investigate. 
Os. 


Write for Bulletin MEP-2070 


Alloy Constructional Steels 


Measures Thickness Of Coatings on Metals 


Rapidly and Non-destructively 


The Magne-Gage soon pays for itself (ofttimes in a few weeks, depending on the 
number of measurements made), and will continue to be a profitable investment long 
after its initial cost will have been absorbed, because: 


% Measurements are made in a fraction 

of the time required by conventional 
The time it saves gives 
your staff the chance for activity on 
other jobs 


% It eliminates costly rejections, since 


Due to the many demands for Thermit in 
war production, we are not able to supply 
the M & T metals and alloys made by the 
Thermit alumino-thermic process until after 
the war. 

The purity and absence of carbides in 
these metals give them definite advan- 
tages in many peacetime applications. 


* * 


METAL & THERMIT CORPORATION 
120 BROADWAY, NEW YORK 


Albany + Chicago «+ Pittsburgh + So. San Francisco + Toronto 


Magnetic Coatings on Non-magnetic Base Metals 
Non-magnetic Coatings on Magnetic Base Metals 
Nickel Coatings on Iron or Steel 


Ftow You Can Profit 


By Using the Magne-Gage 


xit eliminates the expense involved in 
replating or discarding specimens 


spoiled by destructive test methods 


% No upkeep expense is involved in 
its use, and no auxiliary equipment 
or materials such as batteries, acids, 


AMERICAN INSTRUMENT CO. 


8010 GEORGIA AVENUE - SILVER SPRING, MARYLAND 
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licensee for Eastern States 


TZSIMONS COMPANY 


YOUNGSTOWN, OHIO> 


“MONARCH 


HAMMO 


ACTUAL PHOTOGRAPH 
Speed Treat Steel (.45 
carbon) l-inch cold 
drawn bar tied in a knot, 
cold, without fracture. 


1. Excellent machinability 

2. Greatly extended fool life 
3. Good finished parts 

4. High physical properties 

5. Excellent impact resistance 
6. Good torsional vaiues 

7. Minimum distortion 

8. Fine heat treatability 


“SPEED TREAT” STEEL offers an unusual combination of 


features never before found in ONE steel in the medium car- 
bon, open hearth field. The eight features above make it an 
excellent substitute for ALL medium carbon, carbon steels. 


*® WRITE US FOR DETAILS... Our metallurgists are at your service 


licensor. 


TEEL COMPANY | 
INDIANAPOLIS + CHICAGO 
 PECKOVER’S Toronto, Canadian Distributor 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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Extruded AMS 4640 bron- a. 
sheet has been issyed dat 
Metal, Inc. Bulletin Fg-175. 


Attractive booklet on Bunting cog 
bronze, sleeve type standardizes 
bearings. Bunting Brass Bronze 
Co. Bulletin Cg-473. "7 


Many interesting Slants 
Nichrome and _ alloy Castings 
shown in Alloy Crafisman issued | 
Driver-Harris Co. Bulletin Fe-19 


Ampe 


Interesting, descriptive leape: 
metal reclaiming mill offered 
Dreisbach Engineering Corp. By 
tin Fg-511. 


Meehanite Castings. Meehanit» | 
search Institute. Bulletin Bf-16: 


X-Ray Inspected Castings. Ele 
Alloys Co. Bulletin Ld-32. 


Metal Baskets. W. S. Tyler | 
Bulletin Bf-359. 


Steel Castings. Chicago Stee! Fou 
dry Co. Bulletin He-184. 


Heat Resisting Alloys. General 4 
loys Co. Bulletin D-17. 


Pipes and Tubes. Michigan Steed 
Casting Co. Bulletin Bb-84. 


Bimetals and Electrical Contact 
The H. A. Wilson Company. Boliet 
Cf-370. 


Cr-Ni-Mo Steels. A. Fink! & Sons 
Co. Bulletin La-23. 


Industrial baskets, crates, trays « 
fixtures. Rolock, Inc. Bulletin Lf2% 


Seamless pressed steel heat trea 
ing containers. Eclipse Fuel Eng 


neering Co. Bulletin Ag-226. err 
Cooper standard alloys. Coope 
Alloy Foundry Co. Bulletin 
48-page catalog on manganese sie vith 
American Manganese Stee! D 
American Brake Shoe & Foundry ' , 
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Alloy Castings. Ohio Steel Found’ 
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Spring Design and Engineering roll 
title of new manual issued by ™ ag 
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ve an elementary 


rhe author 


(o the important 
known as cartridge brass 
» the June issue of Metal Prog- 
-« and in this second article 


shows how the tensile properties 
of annealed 70-30 brass react to 
cold werk and how annealing 
modifies the properties of cold 
worked material. Much modern 


processing depends on proper 
grain size control, and the 
author shows how the brass mill 
achieves this, and discusses the 
necessary degree of control. 


CARTRIDGE BRASS 


(cold working and annealing) 


By L. 


GIBBS 


[echnical Advisor, Rome N. Y. Division, Revere Copper and Brass, Inc. 


T\ ‘he previous article in the June issue of Metal 

Progress (“Cartridge Brass —-an Elementary 
Jntroduction”) it was briefly pointed out that 

|. Brasses are not susceptible to heat treat- 
ment for hardening but that cold working is the 
only means of increasing strength and hardness. 

2. Annealing following cold working restores 
luctility, the extent of the annealing controlling 
the degree of ductility (grain size being the pre- 
lerred means of measurement). 

3. Cold working and annealing go hand in 
ind and one cannot be changed indiscriminately 
vithout affecting the other. 

Ina brass mill, cold working and annealing 
relationships are established through long practice 
lor the various products (sheet, strip, rods, tubes 
id shapes) and thus the properties are con- 
rolled in the “break-down” and “run-down” 
‘ages, as well as in the finishing operations — 
sreak-down” and “run-down” being the primary 
nd intermediate steps required to reduce a raw 
‘ke into sheet and strip, or a billet into rod, 
ibe, or shapes, nearly to the physical dimensions 
«sired by a customer. For sheet and strip these 
erations consist of either hot rolling or cold 


‘ling for breaking down, depending upon mill 
“pment, and hot rolling or hot extrusion to 
her forms. Running down is usually a cold 
king operation for all forms of brass, 
For the cold working operations, the three 
r= om ‘es Stated above are applied; that is, 
reduy 


Ss as well as annealing in intermedi- 


ate steps are standardized, a rough rule for sheet 
and strip being 50% reduction, followed by an 
anneal for an approximate 0.050-mm. grain size 
minimum. Actual reductions on rod, tubes and 
shapes are not so simply arranged, because mill 
equipment may not be available, and because of 
limitations on size and shape. Obviously, it is 
well to avoid cold working the alloy near its 
limit (the maximum possible before ductility 
becomes so low that fracture occurs). Subsequent 
annealing is primarily designed for economical 
time and temperature cycles. Desirable grain size 
averages 0.035 to 0.050 mm. for 70-30 brass; 
higher copper alloys will anneal smaller in grain 
size, as shown in Fig. 3 of the article in June. 

The finishing operations not only must pro- 
duce dimensions and accurate shapes ordered by 
customers within the required tolerances, but also 
the physical properties best fitting the apptica- 
tion to which metal is being applied. This may 
be determined by specifications of government 
agencies, national societies, the customer, by 
experience of the mill with the customer's require- 
ments, or on recommendation by a_ technical 
advisor (or similar engineering sales organiza- 
tion) according to operations or application. In 
any event, mill operations must be arranged to 
end up with the properties to do the job at hand. 
Considering some of the variables involved in the 
control of properties, this is not always as simple 
as it sounds. 

Cold working increases tensile strength, 
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Rockwell Haraness B&F ~ Elongation 


a Rockwell B | necessarily must be enough to meet the Decificatio: 
pe Figures 6 and 8 indicate how much this reduction needs | 
be. If a tubular shape is involved, the cold working ae 
be applied to the inside as well as the outside in the Majority 
Facial F of operations, because of surface, dimension and tolerane: 
‘aos) pal 5 “reduction” is therefore based on area as well as wo) 
thickness. Simultaneously, the anneal prior to 
Jensile final operation has an effect, as Fig. 6 indicates, (hy, 
acteristically, a large ready-to-finish grain size 
| strength, as compared to a small ready-to-finish graiy 
os Differences exist also for hardness and elongatio, 
& but lack of sensitivity of test methods obscures tho 
t differences. In this connection the Rockwell F se») 
60 
N 
Ready to Finish Grein: 
ng 8 T | T T 
8s 
/ Apparent Elastic Limit 208 80 Rockwell F-— 
Ready to Finish Grain: 
S 
2 4 6 8 10 
B&&. Numbers Hard ab 
NO 207 294 322 440 500 555 605 648 686 S$ 40 OIC 
% Reduction of Area by Rolling x | Grain Size 
Fig. 6--Effect of Ready-to-Finish Grain Size | Ok 
(0.015 and 0.070 Mm.) on the Tensile Proper- O08 
ties and Hardness of Cartridge Brass Strip Rg , 
After Definite Reductions by Cold Rolling 8 


apparent elastic limit and hardness, and 
decreases elongation and reduction of area 

no matter if this cold working is by 
reduction through rolls for sheet or strip; 
through a die or rolls for rods, bars and 
shapes; or a die with inside mandrel or 
“plug” for tubes; or in subsequent fabrica- 
tion in stamping and drawing, using dies 
and mandrels (punches). In all these operations 
the principles are the same. 

Discussion following is intended to show the 
importance of these principles and how they may 
be applied. To aid us we will consider several 
charts of physical properties. Figure 6 applies to 
cold worked sheet and strip in relation to “ready- 
to-finish” grain size. Figure 7 applies to annealed 
sheet and strip after cold working. Figures 8 and 
% are for rod. Discussion of Fig. 8 and 9 applies 
to the ready-to-finish grain size of 0.045 mm., 


indicating average conditions. The elongation in 


2 in., determined in the tensile test on rod, is more 
indicative of the actual ductility of 70-30 brass 
than values for strip. 

The physical properties of a finished part or 
form made of brass depend on the last operation. 
The amount of cold working in that operation 
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600 800 {000 [200 1400 
Temperature for 1 Hr, 
Fig. 7 — Effect of Ready-to-Finish Grain Size (0.01 


and 0.070 Mm.) on the Tensile Properties and Hard 
ness, as Well as the Final Grain Size, of Cartridg: 
Brass Strip Cold Rolled 6 B.&S., Numbers Hard and 
Then Annealed 1 Hr. at Temperatures Indicated 


over 100 is not reliable. Rockwell B hardnes 
should not be used when greatest accuracy 

required on brasses over 6 numbers hard, becal’ 
differences between small amounts of cold wor 
ing are not easily detected; tensile strength 's 
better criterion. 

The variations in cold worked proper 
shown in Fig. 6 and 8 are important when, a * 
example, a specification requires a range, ™ 
mum to minimum tensile strength, of 10,000 p» 
Brass mills, on a fairly wide range of produc’ 


consistently work to such a tolerance: Any par 
maker, working similarly, will ne vssarily 


required to control ready-to-finish ram 


whether it is large or small depends 0» the results 
needed and the operations being } formed 
will be brought out in a later discussie? rh 
important thing for the present is th rule 
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Once rcady-to-finish grain size is copper (which has four ears, characteristically) and 45° to 
established, hold it from lot to lot. the rolling direction with four ears for brass, although six 


mud therwise, results will vary — as Fig. will appear when the zine range enters that of drawing brass. 
jority shows. How closely grain size must The causes vary, but most severe earing can result from a 
ance be held will depend upon individual series of low temperature anneals, producing small grain size, 
Wa ceeds: Fig. 6 again is illustrative. followed by cold working of 4 to 6 B.&S. numbers. For excel- 
this For typical physical properties for lent detailed data on this subject refer to “Directional Proper- 
Shes rious cold rolled tempers, the range ties of 68-32 Brass Strip” by H. L. Burghoff and E. C. Bohlen, 
Wi between 0.015 and 0.070 mm. ready-to- — as _well as “Effect of Some Mill Variables on the Earing of 
ait nish grain size for a given temper Brass in Deep Drawing” by Earl W. Palmer and Cyril Stanley 
“_ vould provide a reasonable guide. Smith. Both appear in the Transactions of the Institute of 
ths Usually, operations prior to ready- Metals Division of the American Institute of Mining and 
-_ ‘finish do not affect the final one Metallurgical Engineers, Vol. 147, 1942. 
see Fig. 7) since the effects tend to Cold work leaves its impress on the appearance of a 
wash out”. An exception is most microsection, best shown by fairly light work on coarse grain 
mmonly found in the rolling of cop- sizes (Fig. 10). Original grains are almost indistinguishable 
if ready-to-finish grain size is small, and final working is 
fig. 8—Cartridge Brass Rods (Nom- severe. In an article like a cartridge case head (Fig. 13) 
ally 70% Copper, 30% Zinc) in Diam- many degrees of cold work occur in a relatively short dis- 
a nish Grain Size, Were Cold Drawn ance, and i such a piece is annealed, a wide variety of grain 
rious Amounts and Then Tested for sizes would result. 
up nsile Properties and Hardness Annealing, as is shown in Fig. 7 and 9, decreases tensile 
: 120 strength, apparent elastic limit, hardness, and increases elon- 
0 . Rockwell F> gation and reduction of area. At the same time, the distorted, 
wt | stressed crystals typical of cold worked metal are replaced 
ao | by characteristic equi-axed crystals shown in Fig. 1 
, and 2 (June Metal Progress). The slight increase in 
2 120 
UBL 
j 5 80 | 8 Fig. 9 —- Cartridge Brass Rod of Fig. 8, Cold Reduced 50%, 
Was Annealed 1 Hr. at Various Temperatures, Curves 
’ ‘ | 100 = § show resulting tensile properties, hardness, and grain size 
Strength = 
JOO 
R 
60 of Aréa, Yo™ 
20 } Reauction 
| * 
| | 40 cs © 60 
Apparent Elastic SS S SS 
| x Elongation, S 
| 20 S 
& 
Elongation, Yin 2 In. & 8 ano 
26 40 60 80 Tensile Strength 
Reduction of Area, Ye 60 Q120 § 
i\ 4 
0100 & 
| “tor brass strip in which directional proper- 
cts are produced and retained in spite of 40 | 0.080 
inealing. Evidence of this is usually found, 2 Apparent 
subsequent cupping operations, by the pres- Plastic Limit" 
- ence of “ears” about the periphery. Height of % 20 ] ] | Q040 
Its these “ea, hi & 
or high spots on the upstanding % 0020 
ees Varics with the degree of directional 
operties. Their location is usually parallel Room400 600 800 1000 1200 


‘© and at 90° from the rolling direction for One Hour at Temp. F-? 
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Fig. 10—Coarse Grained Cartridge Brass 
After Relatively Slight Cold Working. Orig- 
inal grains are clearly distinguished, although 
numerous strain lines appear in all of them 


strength and hardness after annealing at 400° F. 
is typical of low temperature annealing. Anneal- 
ing may be used to restore ductility for further 
cold working or to remove internal stresses due 
to cold working (the latter is known as “relief 
annealing”), or to impart a specific physical prop- 
erty required by a particular use. The extent of 
the auneal is most dependent on the severity 
of the cold working which is to follow. (Relief 
annealing in the true sense does not soften or 
recrystallize the metal, and will be discussed as 
a separate subject.) As Table II in the prior 
article denotes, varying uses determine the opti- 
mum grain size. 

Results obtained by annealing depend upon 
several factors, which will now be enumerated 
and discussed. These principles are applicable 
to copper and all non-age-hardening copper base 
alloys, the degree and absolute values of proper- 
ties varying with circumstances. 

1. As prior cold working increases in severity, 
the lower is the softening and recrystallization 
temperature. The speed of grain growth and 
recrystallization also tends to increase. 

It is preferred to define “reerystallization 
temperature” as that temperature that produces 
a grain size of 0.010 mm. or less (Fig. 12). There 
are other definitions of more exactness, but the 
one given is practical enough for our use. 

In Fig. 7 and 9 it should be noted that 
the prior cold reduction is stated as 6 B.&S. 
numbers and 50% respectively. Consequently, 
these or other similar annealing curves show only 


Fig. 11—-Same Brass as Fig. 10 After Much 
More Severe Cold Work. Crystals have become 
elongated and boundaries are impossible 
distinguish, Structure might be called “fibrous” 


those conditions of softening and grain growl) 
following the given amount of cold work. If pric: 
cold work is less, the curves tend to shift to the 
right; when very little, such as less than 10% col’ 
reduction, they tend to become much flatter, the 
characteristic sharp drop in tensile strength, a 
an example, almost disappears, since the tensil 
strength before annealing is nearly the same a 
afterwards. 

At the same time, with the lesser amounts ©! 
cold working other effects are noticed: 

(a) Upon annealing, the ready-to-finish grain 
size tends to be obtained. As an example, 
0.035-mm. grain size metal is worked 9%, a grail 
size less than 0.035 mm. will not result fro 
ordinary annealing, but rather, 0.030 mm 
larger depending upon time and temperature 
(It might be mentioned appropriately here tha! 
re-annealing of annealed metal is an uncertain 
process. The original speed of recrysiallization 
and grain growth is lost and tends to de qui 
In brass mill practice, therefore, " 
anneda 
itt 
yt it 


sluggish. 
grain size was too small on the regula! 
and re-annealing was necessary to increase 
some required value, more frequently (han 0 
would be necessary to try several times. Espe- 
cially would this be true if an increase o! 0.010 
from, let us say, 0.030 to 0.040 mm 
wanted. Obviously, if the grain 5! 
high, re-annealing would not reduce |! 
further cold working can be applied 
must be used elsewhere or scrapped. ) 

(b) Light cold working may in 
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— Hardness Versus Grain Size for 


Table 
Cartridge Brass 


HARDNESS 


Rock WELL F RocKWELL 30T 


GRAIN 51ZI 


33 to 50 


0.015 mm. 72 to 85 

0.025 67 to 79 | 27 to 42 

0,035 65 to 76 | 25 to 38 
61 to 73 20 to 35 


0.050 
0.070 
0.120 


54 to 67 
50 to 62 


particularly since the determination of 
surface 


ness 

hardness of thin sections is largely a 
test), vet metallographic examination may show 
light evidence of cold work or none, either by 
strain lines or by deformation. This is typical 
{ several mill operations, such as light passes 
n strip for stiffening the piece to give it better 
blanking properties, or “sinking” 
in tube making, which is drawing 
through a slightly smaller die 
without using an interior plug or 


mandrel. 

2. Grain size 
temperature increases. 

Curves in Fig. 7 and 9 show 
ihe grain sizes which include the 
minimum and maximum range 
likely to be encountered in com- 
mercial operations of all types. 
\s previously mentioned, light 
gage strip for small articles usu- 
illy performs best when it has 
grain size of 0.050 mm. or under. 
Heavy gages, usually because of 
severity of operations, are over 
this—-typical being an Army 
Specification 57-173B for car- 
(ridge brass disks requiring gages up to and 
including 0.400 in. to have grain size of 0.055 to 
‘11> mm., and thicker gages to have grain size 
10.075 to 0.150 mm. 

Grain sizes over 0.200 mm. are rarely pro- 
duced in ordinary work.) 

Accordingly, deep drawing ability corre- 
‘ponds roughly to the grain size. The larger the 
srain size the deeper the draw obtainable. Some 
“ceptions and qualifications to this statement 
will be given later. 

Referring specifically to Fig. 7 and 9, it will 
be noted that considerable softening occurs before 


increases as 


he reerystallization temperature is reached, 
somewh around 750° F. These curves are 
typiec 

Ypical alloys annealed after a considerable 


imount 
the dri 


cold work. With electrolytic copper 
very sudden, unalloyed copper being 
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much more sensitive in this respect than the 
brasses are. Hence, in estimating the previous 
treatment of an “unknown” sample of 70-30 
brass, low hardness and strength with distorted, 
work hardened crystals most likely would indi- 
cate an anneal within the range between softening 
and start of grain growth. 

In commercial practice, however, it is difficult’ 
to obtain physical properties by annealing 
between the range of “cold worked” and “sof- 
tened”’, for metal is usually annealed and then cold 
worked to the required degree. As an example, in 
Fig. 6 a tensile strength between 65,000 and 
90,000 psi. calls for 1% to 7 B.&S. numbers 
reduction. In Fig. 7 the same tensile strength 
range is covered by anneals between 500 and 
600° F., but the speed of softening is so great 
that it is nearly impossible to “catch the required 
property on the down slope of the curve” with 
ordinary equipment. It is done under 
certain definite conditions and with 
alloys other than 70-30 brass, but not 
100% successfully, some metal 
becoming too soft. Therefore it is 
not practical to soften metal partially 


Fig. 12 (Left) Recrystallized Brass 
(Fine Grained, Less Than 0.010 Mm.). 
Illustration is from the heavily-worked 
wall of a small-caliber cartridge 


Fig. 13 (Below) Rapid Transition 
From Light to Heavy Cold Work Near 
Indent in Cartridge Case Head, Originally 
of Large Grain Size (About 0.200 Mm.). 
Grain size control of such articles is next 
to impossible, as the cold worked mate- 
rial would recrystallize to a small grain 
size under certain conditions, whereas 
the large, unstrained crystals would 
remain the same size as they are 
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by annealing after it has been made too hard. 

For physical properties commercially 
expected with varying grain size, a good standard 
is given in American Society for Testing Mate- 
rials’ Specification B36-42T for Alloy No. 6, as 
shown in Table III, page 247. 

In variations incident to commercial opera- 
tions, overlapping of tensile strength, apparent 
elastic limit and other properties is to be expected, 
hence: Use grain size for best control. 

3. With a given amount of cold work, grain 
size after annealing will vary according to type of 
furnace equipment. 

It goes without saying that annealing curves 
shown here are only guides for actual annealing 
practice. Every furnace must be calibrated indi- 
vidually, especially as to 


The continuous type of furnace, (1 the ot), 
hand, carries a temperature head of 150 to 29; 
over that needed, and the metal travels throys, 
the heat zone continuously. Provision js may 
here also for circulation of atmosphere, althoyss 
in a different manner. Time in furnace may }, 
15 to 45 min. This type of furnace is particyla 
adapted to tube annealing, while the bateh 
is adapted to coiled strip and othe: relativi 
dense and compact metal masses. 

The types of furnaces just described jl\y.. 
trate the principles used for close grain six 
control. If such control is not needed, or thi 
type of equipment is not available, then cert, 
factors must be considered in more detail { 
calibrating the furnace. Unless heat 
circulated to all parts 
the charge, the type 


IS ever 


(a) Source of heat. 

(b) “Temperature 
head”—-excess temperature 
of gases, atmosphere or 
other heating medium over 
that temperature required 
to produce a given grain 
size. 

(c) Cross section of 
parts or pieces of charge. 

(d) Weight of charge. 

(e) Time. 

(f) Grain 
ance required. 


8 


size toler- 


In the last analysis T 
the amount of grain size 
control needed will deter- 
mine the type of furnace 
equipment. (“This 


Tensile Strength x1000~ Elongation 


Tensile Strength, 
2000 


Ei +3% iN 


+ 


heat should 
ered. If it produces hot 
spots, due placement 

the heavier 
metal nearer to it tends 
to smooth out the heating 
rate.* If the entire atmos 
phere is several hundred 
higher tha 
needed that is, the fu 
nace runs on a high ten 


be cons 


sections 


degrees 


the met 


cross section should 
| similar for all pieces 
the charge to 


uneven heating; in oth: 


+ 


avo 


Q 
Rockwell B: 0 
F:57 &3 


does not constitute 


40 


74 80 86 


words, keep all parts 


91 97 


an endorsement 
requirements of deep 
drawing have made 
it necessary for the 
brass mill to control 


64 71 74 77 80 & 87 9O 


22 36 45 50 57 &# 7O #4 


Fig. 14 Conversion Chart for 70-30 Brass Strip, 
Tested for Hardness by Four Rockwell Scales Using 
ts In. Ball. Scale B imposes a 100-kq. load, F a 60-kg. 
load, 15-T a 15-kg. load, and 30-T a 30-kg. load 


15-76) 


the charge from becon- 
ing hotter than desired 
or one portion exposed 
for a longer time tha 
another. If this 
done, grain size will ) 


is nol 


grain sizes closely 

—-for instance, for average grain size between 
0.010 and 0.050 mm., a tolerance of +0.005 mm. 
from that specified. This requires furnaces 
capable of evenly distributing the heat throughout 
the charge and at such a rate that no part gets 
hotter, or stays hot longer, than another. Such 
equipment may be of two types — “batch” and 
“continuous”. In the former a typical design 
burns fuel in an outside chamber, the products of 
combustion being blown about and through the 
charge. In this case control is such that a mean 
temperature head of 25° F. is achieved. Conse- 
quently, no part of the charge gets hotter than it 
should, regardless of cross-section, weight, or 
placement. Time in the furnace is several hours. 


larger than expected 
since increasing time at temperature terea” 
grain growth. Naturally, pyrometers should bh 
used to detect temperature differentials. 
Annealing time will be affected by the weigh! 
of metal charged, as all know. However, th 
effective annealing time for brasses ts only that 
at which grain growth proceeds, within commer 
cial limits. Practically speaking, in the bateh 
type furnace an average time of 40 min. for meta 
at temperature is enough, although heating time 
may be several hours. This gives suflicient time 
for complete recrystallization and groin growth 


999 
to occur, yet not (Continued on 


page 

*This assumes that the section is no! subie 
cracking by differential expansion. 
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WELDING CONTRACTION, 


AND “*LOCKED-UP” STRESSES 


From a 


Bulletin 


Issued by the British Admiralty 


GREAT deal has been written on welding con- 
tractions and “locked-up” 
siderable misunderstanding still exists on this 
subject even among those who have long experi- 
Possibly this is due in part 
the tendency of some to enter into too many 


nee with welding. 


technicalities and compli- 
ations. It is essential to 
velding progress that it 
should be generally rec- 
gnized that locked-up 
stresses cannot be disre- 
garded, but they can be 
voided provided certain 
fundamental principles 
¢ fully understood and 
chniques are modified 
cordingly 
When a bar of iron 
Ss heated, as shown in 
rig, 1—that is, with 
ireedom in all directions 
it returns to its orig- 
lal length and diameter 
n cooling, and there is 
no contraction in length 
r residual (locked-up) 
‘tress. When, however, a 
bar is heated, as in Fig. 
With ends restrained 
‘saimst expansion by 
heat, all the excess vol- 
ume of etal must go 
laterally increase the 
flameter the bulge. 
“nN cool this excess 
metal ca | return to its 


proper place, it remains in its upset position, and 

the bar contracts in length, leaving a permanent 

bulge at the heated spot, and the cool bar is 

shorter than the original length (Fig. 3). In other 

words, the center part of the bar has been upset 

by the compressive forces indicated in Fig. 2 
while the center was plastic. 

In the foregoing cases there has 

been no residual stress, but imagine 


stresses, but con- 


Original Length 


Original 


— -_ ——- Dia that the ends of the bar had been 
\\ Flame Rollers restrained so that the bar could not 
| [] contract: then there would have 


Fig. 1 No restraint. 
expands freely and contracts freely. 
No contraction or residual stress. 


Force 


Hot region been a residual stress (tension) in 


__Oniginal Length _ 


Contrac tracte ca 
py Length 


Fig. 2 — Restraint against longi- Fig. 3 Cooling after conditions 
tudinal expansion. Hot region illustrated in Fig. 2 involves con- 
expands and diameter upsets. traction, and bar shortens in length. 

Contraction but no residual stress. 


Compression - Tension - 
“ 


= 


| Benair 
Compression{ in naing Tension » | 


Fig. 4-——- Same condition as Fig. Fig. 5 Cooling during end restraint 

2 during heating. Note bending from conditions in Fig. 4 throws 

stresses induced in base of clamp. tension into bar, reverses (and largely 
increases) bending stresses in base. 

Fig. 1 to 5 — Effect of Localized 

Heat on a Bar of Metal Under Various Simple Conditions of Restraint 
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the bar after cooling, as shown in Fig. 4 and 5. 
From the above, the following important 
points will be noted: 
1. There will be no residual contraction or 
stress if the ends are free to expand and contract. 
2. There will be no residual stress if the 
ends are free to contract. 


Fig. 6 to 8 — Sequence of Welding a Simple Frame - 2 Wwe ! 


that is one of the gaps will have been fille yi 
hot metal rather quickly, and this mej] wij) had 
cooled to ambient temperature, contracting dur, 
that period of cooling. The overall length of «, 
structure will have contracted, but there are 1 
internal residual stresses. Figure & shows ; 


conditions after the second weld has been my; 


Contractio 


with equal gaps at joints. 


side is welded. 
3. There will be residual tracted but no 


ends are prevented from expand- 
ing during heat and from contracting on cooling. 
In welding, these phenomena are essentially, 
but not exactly, the same. In practice, it is almost 
impossible to prevent some end restraint, yet the 
structure is not entirely rigid; therefore there 
will usually be some residual contraction and 
some residual stresses. These can, however, be 
kept within perfectly safe limits if the above prin- 


Equal Gaps Gap Reduced 

Weld Benaing- | 
Fig. 6-—-Parts set up Contraction Due ta Weld += ~— Contraction From !~+ . 
WE/0 


Fig. 7 Conditions after one’ Fig. 8 — Second weld made y 


residual stresses Considerable warping (cont: 
stress, but no contraction, if the exist (if weld is relatively short). tion) and residual stresses cays 


Fig. 9 to 11 —- Procedure to Minimize Residual Stresses 


Frame has con- conditions of restraint and « 


exclusively by second 


Heat effects will be similar to those shown in Fi: 
4 and 5 in simplified form, and when the join! 
cool there are residual locked-up stresses, ané 
will be noted that these are entirely due to t! 
second weld. 

This condition can be avoided by the pr 
cedure indicated in Fig. 9, 10, and Il. Stri 


Wedge Removed After From 


sirable effects. 

In the following remarks it will be assumed 
that there is contraction at each weld, as is usual, 
owing to the progressive nature of welding, which 
is attended by restraint and upsetting due to the 
solidification of weld metal behind the are. Figure 
6 shows a simple structure prepared for welding. 
After one of the rather narrow legs has been 
welded, the conditions will be as shown in Fig. 7, 


La 
Wedge No Contraction Wedge Conimencing 2nd 
V=—Compression Dna Wh 
Equal Gaps Gap Unchanged 
Weld 
| - 
Fig. 9—Set-up to prevent con- *~—Contraction From One Weld 
traction of frame due to first weld. | 
Fig. 10——-Conditions after one Fig. 11—-Second weld sla 
side is welded. Contraction wedge removed, weld compl 
ciples, and the following, are forced in lower leg by rigid posi- and cooled. Contraction du 
understood, and measures are tion of upper. Residual stresses second weld squares up trams 


taken to counteract the unde- opposite to those in Fig. 8. cancels residual stresses f 
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rom 


speaking, the wedge should be withdrawn ha 
way before commencing the second weld, 0! 
wise the cooled weld metal of the firs! few inches 
of the second weld would replace th wedge as 


wou 
separator, and the stresses shown in lig. !"' 
partially remain, but reduced by the contr 
of the second weld. 

show! 


It has been noted that the stres 
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Fig, 10 are the opposite of those shown in Fig. 8, 
they - the opposite of the residual stresses 
to avoid. It will also be noted that 
were driven into the upper gap in 
rig. 7 prior to making the second weld, it would 
-oduce the same sort of stresses as shown in 
10. This observation is of extreme impor- 
‘ance in considering the application of these prin- 
iples to a large structure such as a ship. It leads 
) the conclusion that the deck butts should be 
orced apart before welding. This is the exact 
pposite of what usually happens in practice. The 
mmon practice is rather to pull the joints 
together, thus producing tension at the extreme 
pposite surface of the weldment instead of the 
iesirable compression. This tension is added to 
the tension indicated in Fig. 8 caused by the con- 
traction of the weld, and therefore the residual or 
cked-up stresses are increased. 

It can be seen from the foregoing that unless 
proper precautions are taken a welded ship can 
easily develop quite a heavy tension in the upper 
parts of the structure, such as the sheer strakes 
ind decks. She starts life with this stress. A 
new ship, being light, is very commonly in a 
hogging condition (down at bow and stern, light 
midships) which increases the tension in the 
leck. Again, a new ship, being launched, may 
not have all its machinery on board, which 
nereases the hogging tension. Further, it may 
be that if tide conditions are not exactly right at 
unching she may “tip” —that is, pivot about 
the end of the ways — producing a further seri- 
us increase in the tension. Other circumstances 
tending to increase this tension are: Excessively 
id atmosphere with a relatively warm. sea; 
heavy weather, causing alternating hogging and 
‘sagging stresses; state of loading and ballasting. 
When, in addition, there are geometrical features 
{ the structure tending to cause local concentra- 
tions of stress, there is real danger of failure. 

lt has been suggested, in discussions of 
cked-up stresses, that these tend to relieve them- 
‘elves by local plastic deformations at the points 
where the stress is over the elastic limit. {Eprror’s 
Nore: See especially Robert T. Kinkead’s exposi- 
ion of this thesis in Metal Progress for June, 
page 924. There is small comfort in this theory. 
it is fallacious for two reasons: (a) Plastic defor- 
mation only takes place at stresses above the yield 
pot, and ceases when the stress is reduced to 
this point, so that stresses up to the yield point 
“i Temain in spite of the plastic deformation; 


t 1s des! 


fa 


re the extent of plastic deformation is dependent 
° a large extent upon the degree of restraint. 
Ina narrow strip, such as a tensile test piece, 
plastic dei ormation takes the form of reduction in 
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width and thickness, balanced by increase in 
length, so that the volume of metal is unchanged. 
In a large expanse of plate, the increase in length 
can only be compensated by reduction in thick- 
ness (not in width), and therefore fracture may 
occur at a much smaller elongation. [See also 
“Tri-Axial Stresses” in the same issue, page 946. 

Nevertheless, plastic deformation due to over- 
stressing does tend to equalize stresses, and is 
therefore helpful, but —a very important but 
it cannot reduce the overall type of stresses likely 
to develop in large structures due to disregard of 
the precautions suggested above. Also, such 
attempts to equalize stresses by over-loading are 
nttended by considerable danger of failure, espe- 
cially in complicated structures. 

The outstanding moral to be drawn from 
these observations is that locked-up stresses can- 
not be overlooked, but they can be avoided, It is 
essential that these fundamental principles should 
be widely and thoroughly understood, and fully 
appreciated, so that they can be intelligently 
applied. There is quite a widespread tendency 
to believe that contraction, distortion, and 
locked-up stresses are inherent and incurable 
defects, inseparable from welding. This can only 
be due to lack of understanding of the nature, 
causes, and cures. Much the same attitude was 
prevalent in relation to many diseases, such as 
small pox and other plagues, before medical 
science “debunked” them. 

The tyro camper who goes to sleep leaving 
his tent guys tightly pulled up gets a graphic 
object lesson in locked-up stresses when his frail 
dwelling comes down around his ears during the 
first shower in the night. He might well be 


excused for considering this an inherent risk of 
camping, and he might even give it up on this 
account. The experienced camper leaves his guys 
slack, so that when the ropes shrink with the wet 
and sleeps peacefully. @ 


they will just pull taut 
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NE who attempts an introduction of 
() Westy (But) Sykes to his fellow metal- 
irgists may easily be considered to have 
odertaken an entirely superfluous task. 
everybody knows Bill already! 

| Case ‘School alumni know him, for he 
-aduated there in 1916, received the degree of 
Metallurgical Engineer in 1920, and the honor- 
ry Doctorate of Engineering in 1934. He has 
-tured there on a regular schedule since 1934 
od ever since his graduation taken an active 
terest in the affairs of his fraternity where 
be has counseled successive generations of his 


vounger brothers. 

The @ knows him, for he was chairman of 
the Cleveland section in 1925-26 and has con- 
tributed voluminously and ably to its publica- 
lions and programs, being the recipient of the 
Howe medal in 1927, as well as being the 
(ampbell Memorial Lecturer in 1937. 

The Japanese know him for he has crossed 
swords with them in debate, ably upholding 
the American viewpoint. 

General Electric knows him for his work 
ithe metallurgy of tungsten and molybdenum 
illoys. It shows its appreciation of its gifted 
employee by letting Bill go his own road in 
lime and subject matter as few are privileged 

) do. 

The Cleveland University Club knows him 
) the squash courts and as a connoisseur of 
the Club’s refreshments. 

Washington knew him for some months 
jut Bill is now again home from the wars. 

Many other technical societies know him 
‘sa member, to-wit the American Institute of 
Mining and Metallurgical Engineers, Tau Beta 
ri and Sigma Xi, 

This writer knows him in many of the 
‘eceding connections, and for a common 


‘Mlerest in Gilbert and Sullivan and Gilbert 
Lewis. 


And all of us who know Bill are also glad 
lo know the charming Mrs. Bill, formerly 
ecrelary to Col. Leonard Ayres and now help- 
ig Case School with its training program for 
‘omen in engineering, 

One could write at length about WesLey 
as distinguished metallurgist, but pre- 
“'s fo write of him as a good friend and a 
good fel! Harry A. wartz 
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SPITE of alleged hazards in welding, thor- 

ough studies have shown no excess of ill 
health among welding operators, or any outstand- 
ing type of illness among them. The real hazards 
are easily understood by any reasonably well- 
trained operator and means for protection are 
available and effective when used. 

The real hazards peculiar to welding come 
essentially from radiation and from air contami- 
nated by gases and fumes. 

Radiation presents the hazard of intense 
light, glare and of ultraviolet exposures. In gas 
welding there is glare from too intense light. In 
electric arc welding there is also ultraviolet radia- 
tion. But in neither is there exposure to short 
waves like the X-ray. Workmen should be pro- 
tected by suitable goggles, screens and non- 
reflective paint. 

Hazardous gases may be essential to the type 
of welding (as the oxygen and acetylene in oxy- 
acetylene welding) or they may be produced 


HEALTH ASPECTS OF WELDING 


and B. L. 
Chicago 


pamphlet by A. G. Cranch 
Council, Inc., 


Abstract of 


Vosburgh for National Safety 


through the reactions occurring in the welding 
Oxygen deficiency is not a factor if 


process. 
Impurities in 


proper ventilation is arranged. 
acetylene gas are not present in toxic amounts 
under present manufacturing methods. 

Gases formed in the flame or are are nitric 
oxide and other higher oxides of nitrogen. In the 
concentration present in welding they are a pul- 
monary irritant. Except in confined spaces no 
dangerous concentration would be likely to occur. 
The same is true of carbon dioxide, produced by 
the oxy-acetylene flame and by the electric arc; 
it is never generated in concentrations of physio- 
logical importance. 

The metallic fumes of welding may come 
from materials being welded or used as a coat- 
ing. Almost any metal may be melted by a weld- 
ing operator and the fumes are a source of real 
hazard. The most common complaint is metal 
fume fever, and the most common source is zinc 
fume. Zine should not be considered “highly 
toxic”, however, as this condition is an acute, 
self-limiting reaction of short duration and with- 
out known after-effects or complications. But 
lead and cadmium fumes (Continued on page 290) 


In this article, which is part of — fatigue curve (the S-N curve, the S-N curve becomes sees 
an address given before the so-called) which shows the as the test piece contains ino» 
Detroit Chapter @ last winter, cycles to failure at loads which intense stress raisers. Applica 
the thesis is argued that the — give but limited life — above tion of these consideration: ; 
machine designer should be most the endurance limit. Experi- design will be the subjec 

interested in that part of the ence shows that this portion of the final article next pum 


THE USEFUL DATA TO BE 


DERIVED FROM FATIGUE TESTS 


By J. O. ALMEN 


Research Laboratories Division, General Motors Corp., Detr 


E STILL have far to go before we, as design- _—_ of the applied stress. We also know that, unde 
ers and producers of light-weight, dynam- certain other test conditions, steel does not ha 
ically loaded machines, can make full use of our a fatigue endurance limit, that non-ferrous meta 
structural materials. We must learn that we — generally do not have a fatigue limit, that rovug 
cannot tell the machine parts what they must do, surfaces, notches, section changes and other 
but rather we must do as we are told by the continuities lower the fatigue strength. These « 
machine parts. The rate at which we progress many other laws have been established throug 
will, in large part, depend upon the accuracy of laboratory tests under controlled conditions 
our interpretation of the complaints that are The preferred laboratory fatigue test spec 
made to us by the machine elements. These com- men is very carefully prepared to avoid é 
plaints are not easily interpreted because they are — surface imperfections, abrupt section chang 
often made in terms that we do not understand. _ internal stresses, and other stress raisers. ! 


The conventional approach to studies of — is considered necessary because the investig:! 
fatigue of metals is through laboratory tests on __ is usually interested in the properties of the ma 
several arbitrary forms of fatigue specimens. rial undergoing test and he naturally seeks 


During the many years that such tests have been eliminate all factors that would tend to obset! 
made, a vast amount of fatigue data has been _ these inherent properties. There can be no 0) 
accumulated. These data have enabled us to _ tion to this procedure as it refers to the test sp* 


formulate somewhat generalized “laws” on the mens but the data thus obtained have | 
behavior of various specimens subjected to repeti- bearing on the fatigue characteristics of mach! 
tive stresses of several kinds. parts made from the same material and give?" 
We have found that steel, under most lab- same heat treatment in which surface i 
oratory conditions of repetitive stress, has a fairly _larities, abrupt changes in section and ine 
well defined limit of stress, known as the fatigue stresses are almost always present. 
endurance limit, below which it will endure for In presenting such fatigue data, the -” 
an infinite number of stress cycles; and that the lurgist may be likened to the seed catalog“ 
fatigue endurance limit of steel is roughly pro- who paints the beautiful flower pic'ures that $ 


spring Th 


portional to the ultimate strength of the material arouse our gardening instincts ever) : 
but that the proportionality varies with the range —_ engineer is the gardener who hopefw'|y pl2®" 
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ho reaps the disappointments of his 


eeds and 
bors. The failure of the garden is usually not 
he fault of the seeds. The catalog pictures are 


tended to show What can be accomplished under 
worable conditions and the artist should not be 
jamed for the poor garden soil, frost, drouth and 
ne scores of other things that make the average 
den look so unlike the catalog pictures. Simi- 
r disappointments are met when we attempt to 
Bpply the laboratory data on ideal specimens to 
the design of machine parts, more particularly 
jor machines in which efficient use must be made 
‘material under dynamic loading. 


4 


Economic Considerations 


In the design of machines and equipment for 
heavy duty, where the number of units produced 
js small, the present practice of designing to large 
factors of safety is justified because the expense 
involved in preparing designs to approach the 
e\act requirements would far exceed the savings 
in weight and material. 

The same economic considerations that jus- 
tify overdesign in low production volume equip- 
ment demand designs of low weight and high 
stress in many machine parts where weight is 

|-important, as in airplanes or in large produc- 

lion Volume machines, such as automobiles, 
where both weight and cost must be considered. 
Vbviously, the dynamically loaded parts of such 
machines should be designed with accurate 
knowledge of their fatigue strength. 

When we try to apply quantitatively the 
ccumulated laboratory fatigue data to such 
design problems, we find that they are almost 
seless. Published data on fatigue assume (a) 
that stress can be determined, (b) that labora- 
lory test specimens are representative of a mate- 
ul when that material is formed into a machine 
part, (ec) that the amount and nature of the 
ipplied load is known, (d) that load variations 
ccur in an orderly and predictable manner, (e) 
that representative fatigue curves can be con- 
‘ructed from a dozen or less specimens, and (f) 
hat machine parts must be stressed below the 
limit to be successful. These assumptions 
‘re not justified in practical design. 


Stress Cannot Be Calculated 


From the data on residual stresses that have 
been discussed in previous articles in this paper 


Ve . 
one Progress for February 1943, page 209, and 
“Y, pase 737), we may reasonably have some 
nISgivj ene 

aa ‘bout the reliability of our stress 
alculatir 


From experience with practical 


August, 1943; Page 255 


machine parts we can only conclude that stress 
calculations by textbook methods are wholly 
inadequate until we generously temper our cal- 
culated results with experience. For example, 
crankshafts may be stressed by the usual meth- 
ods of calculation to 20,000 psi., connecting rods 
are stressed to 40,000, valve springs to 90,000 
psi., disk clutch springs to 180,000 psi., while 
another form of disk spring supports (by calcula- 
tion) 600,000 psi. Obviously some of these stress 
values are ridiculous but the formulas used in 
each case conform to the “laws” of mechanics. 
The actual stress in crankshafts is probably sev- 
eral times 20,000 psi., while the 600,000 psi. in 
the disk spring is not reached because of yielding 
in local, highly stressed regions. 

The unreliability of stress calculations has 
almost been forgotten by seasoned designers 
because they no longer take the numerical values 
of their stress calculations literally. Instead, they 
have learned by experience that, by the usual 
methods of calculation, the numerical values have 
different meanings for different machine parts; 
that is, somewhat rough empirical correction fac- 
tors are applied. 

There is a growing interest in various devices 
employed to make direct measurement of stress 
such as photo-elasticity, brittle lacquers, exten- 
someters, and similar instruments in the belief 
that these devices will provide accurate stress 
data. The accuracy of stress data from such 
measurements is usually greater than can be 
obtained from the most involved mathematical 
analysis, but that they are far from reliable can 
easily be shown by fatigue tests. 

Two specimens of identical material, heat 
treatment and dimensions will show identical 
stress when measured by photo-elasticity or by 
extensometer, yet these specimens may vary 
widely in fatigue strength depending upon minute 
differences in surface finish or residual stresses. 
Since residual stresses are often desirable and 
are frequently unavoidable due to processing 
operations such as machining, heat treating, 
straightening or grinding, and since surface fin- 
ishes vary all the way from rough forgings to 
lapped or honed surfaces, there is little reason 
to expect accuracy from extensometer readings, 
and even less for photo-elastic tests since the 
specimens for this test must be free from residual 
stresses and must be made of another material. 

Photo-elastic and extensometer readings are 
measures of elasticity in which the changes in 
dimensions are the statistical average of all of 
the material involved in the measurement. 
Fatigue tests provide a strength measure of the 
weakest portion of the material involved, usually 


Slee pep 

Mors 

 ppli | 

ions f 

Ject 

Month 

under 

har 

netals 

roug | 

r dis 

| 

roug | 

id 

inges 

Th 

gal 

mate 

cur 

b 

Th 


+ 


Mazda Lamps 


Human Life Expectancy 


Survivors, Per Cent 
8 


8 


9 


| Helical Gears 
(TTANSINSSIONS 


Laboretory Test 
Specimner IS 


~. 


pa... 


100 150 200 


300 


Enaurance, Per Cent of Average 


Fig. 1 and 2— Life Expectancy Charts of Various Machine Parts Have a 
General Similarity, and May Be Regarded as Examples of Mortality Data 


at the surface, even though it be sub-microscopic 
in size. Obviously, we cannot expect agreement. 

Even if stress could be determined, the 
fatigue data from laboratory specimens could not 
be used because machine parts cannot be finished 
with the care and exactness that is given labora- 
tory specimens. Abrupt section changes cannot 
be avoided, high residual stresses are often pres- 
ent as a result of processing or because of local 
heating as from bearing friction, and surfaces are 
subject to bruises and to corrosion of various 
kinds. These effects cannot be evaluated in terms 
of controlled stress raisers in test specimens. 


Operating Loads Rarely Known 


In the kind of machines under discussion, 
the dynamic loads are rarely constant for any 
appreciable time but vary up and down the load 
scale in an unpredictable way. Only a small per- 
centage of the total number of stress cycles is 
at maximum load and this percentage will not 
be the same in the hands of any two operators. 
This brings up the question of damage by over- 
stress (and recovery by understress) as has been 
observed by several investigators in tests of lab- 
oratory fatigue specimens. No doubt such effects 
occur also in dynamically loaded machine parts, 
but how are such laboratory data to be applied 
to machine parts when the schedule of overload 
and underload is beyond control? 

This apparently hopeless situation is not, 
however, as hopeless as it seems. We have done 
a reasonably satisfactory job in the past without 
worrying overmueh about the shortcomings of 
the methods used. We may be certain that we 
will do better in the future as more experience 
is gained, and it is in the accumulation and 
organization of this experience that we can best 


serve the needs of the future. It is probable tha 
fatigue studies will play increasingly import 
parts in future designs, but these studies will 
based on fatigue tests of actual, full-scale machin, 
parts instead of on laboratory specimens. 

Fatigue tests of full-scale machine parts hay 
been made by many laboratories for a long tiny 
but since these tests have usually been made | 
the purpose of comparing one material, desig 
or process with another material, design, or p: 
ess, the tests have been run at arbitrary constan! 
loads without thought to the fatigue curve char- 
acteristics and often without adequate correlativ 
with service requirements. Because of this pro 
cedure, we have made little use of the vast quan- 
tities of such fatigue data which are now locked 
in our files, insofar as establishing a basis | 
evaluating material, design, or process for future 
use is concerned. In the few cases where faligu 
data on machine parts have been properly orga’ 
ized, we find that they reveal astonishing amoun's 
of fundamental information about the many va’ 
ables that are present in machine elements, man) 
of which are not even qualitatively revealed ) 
ideal laboratory fatigue specimens. 


Fatigue Data Are Mortality lata 
Fatigue data are mortality data and it ts)! 
as absurd to expect that reliable actuarial tables 
can be constructed from mortality data on aD" 
dozen persons as to expect reliable comparise™ 
from fatigue tests on a half dozen machine pa" 
When a sufficient number of machine parts “" 
fatigue tested at constant load and plotted in the 
manner of the well-known mortality eurve {\ 
human life expectancy, we find rema! ible sim! 
larity to human mortality experience. !! ,indlhoter 
and Sjvall in an article on “Endurance Test D#* 
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iterpretation” (Mechanical Engineer- 
1923, p. 579) have shown life expect- 
curves for commercially identical ball 
r commercially identical Mazda lamps 
These curves are shown 
ig. | in which the ordinate is the percentage 


f ynits surviving and the abscissa is durability 


n per cent of average life. 


Figure 2 is a life expectancy chart at constant 
ad for commercially identical transmission 


for humans. Another important difference is the 
relative life span for various machine parts. Note 
that for automobile rear axle gears the life span 
of the most durable unit was about four times the 
life span of the poorest unit, but for automobile 
transmission gears the life span from the best to 
the poorest sample was about 15 to one. These 
test results show that the childhood mortality is 
much higher in automobile transmissions than it 
is in automobile rear axle gears. 

The life span ratios given 


above should not be taken liter- 


iutomobile rear axles, for 
mmercially identical 
iutomobile fan belts, for 
commercially identical 
bolts and for a group of 


Fig. 4 — Data of Fig. 3, for Long Radius Fillet 
and for Square Shoulder, Plotted as Scatter 
Bands, Intersecting at a Point Near the Ultimate 


Tensile Strength of the 


deal laboratory fatigue specimens. Similar life 


*\pectancy curves will result 


whether applied to 


nountain ranges or to the hairs on our heads. 
‘though the general form of all life expectancy 


‘ves is the same, they differ in detail. 
-pectancy curves for machine parts in 


hat the 


Note 


“lg. | and 2 do not extend to zero life, as is the 


ise in 

mortality js 
arts hay g 
lactory jy 


human expectancy curve. 
avoided in machine parts because the 
a low potential life are rejected by 
ection, a practice that is not followed 
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I~ 985" Fillet Radius ally because there are not enough 
test points in either curve to 
1-985°R. _. a define their limits. As the num- 
ber of test points is increased, 
the 
_ 2~1" Fillet Radius. the life ratio of the best to 
5~ Ye" Fillet Redivs poorest will increase but the 
= “scatter” will be greater for 
at | w'R. transmission gears because, as 
"Ns 4~ Square Shoulder normally cut, they have less tol- 
\ a | erance for warpage and deflection 
5~90°V-Notch errors than rear axle gears and 
| g | they are, therefore, subjected to 
g00— V9 ] greater variations of stress con 
| oe centration. 
| Specimen Not Broken | The percentage variation in 
‘ life of machine parts will also 
10% 10” 108 change test load is 
rm of Cycles for Fi eal changed. When tests are 
3 Moore & Kommers’ 700 is T T T conducted alt high load to 
+ + -9.85* Filet Radivs| produce fatigue failure 
40-in, rounds of 0.499% car- if : 
son steel were water quenched 3S go a after relatively few stress 
ind drawn at 1200° F. Diam- 5S | | cycles, the percentage 
ler of reduced section is 5 variation from the best to 
275 in. in all specimens eV the poorest will be less 
> 30 Square snoulde than if the test is con- 
sears In complete automo- é | ducted at a lower load to 
transmissions, for produce fatigue failure 
ommercially identical 10? Jo4 after a relatively large 
rear axle gears in complete Cycles to Failure number of stress cycles. 


The reason for this vari- 
able will become clear 
when we examine the 
form of the scatter band 
of adequate fatigue data. 

Reliable life comparison of machine parts 
demands a large number of tests unless the life 
difference is very great. It is obvious from the 
mortality charts that, on the basis of a few tests, 
the poorer design, material, or process may rate 
higher than the better design, material, or proc- 
ess. Yet nowhere in the literature do we find 
fatigue data approaching even the minimum 
requirements of reliability. The reason is largely 
that most of the investigators in this field, par- 
ticularly in work on steel, assume that we have 
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5 — Selection of Data From an A.S.T.M, Coop- 
erative Research, Wherein Several Laboratory Work- 
ers Determined the S-N Diagram of a Given Steel 
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no interest in data at any stress except the streg 
at which the specimen will endure indefi: jtely. 

In practical testing of machine parts, jt should 
be obvious that comparisons of material, design, o, 
processing cannot be made unless the tests are pyy 
to failure and the comparisons are made on th 
number of stress cycles each will endure. This js 
true whether or not the part being tested \ 
required to withstand, in service, a very large num. 
ber of stress reversals at maximum load such as 9 
crankshaft, or a relatively small number of stress 
reversals at maximum load, such as chassis springs 
Since all representative tests are made at loads 
that result in failure by fatigue, our interest lies 
not in the fatigue endurance limit, where for stee! 
under most test conditions, life is infinite, but ip 
that portion of the fatigue curve to the left of the 
“knee” where life is finite — that is, the sloping 
part of the S-N curve. 

The characteristics of the sloping part of th: 
fatigue curve have been obscured in most of the 
published S-N plots (a) by never having enough 
test points and (b) by the popular custom of plot- 
ting fatigue data on semi-logarithmic charts. |p 
the very few cases where published data contain : 
considerable number of test points, we find that 
when plots are constructed on log-log charts the 
points tend to lie on a straight line instead of on « 
curved line, as is usual when they are plotted on 
semi-log charts. 

Figure 3 shows a series of fatigue specimens 
used by Moore and Kommers (and described 0 
their book on “Fatigue of Metals”, published )y 
McGraw-Hill Book Co.) to determine the effect 0" 
fatigue of varying degrees of stress concentration 
The resulting fatigue curves, plotted on logarithm) 
coordinates, are also shown. The authors compar 
these specimens on the basis of calculated stress « 
the fatigue endurance limit; that is, the stress 
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» where the curve becomes horizontal. 


e kK 
mt as stated above, our interest is in the 
fnite life region of the diagram; that is, in the 
characteristics of the curve lying to the left of 
the knee. Observe that as the notch severity 


of the specimen section is increased, the slope of 
the curve inereases, and that the curves, if 
extended leftward, tend to cross one another. 
Fatigue curves of machine parts, no matter 
how well they are finished or how carefully 
rejected for detectable flaws, almost invariably 
show steeper slopes than are shown by well 
finished fatigue specimens and, therefore, pre- 
sumably the fatigue strength of a material as 
determined by ideal test specimens is not obtain- 
able when that material is formed into a machine 
part. Permissible stress 
at the fatigue limit of a 
machine part may be less 
than 10% of the ultimate 


ance Test Specimens 


Fig. 8 — Findley Shows That Endur- 


tate Exhibit Same Tendencies as Steel 


decreases toward the left of the diagram. The 
significance of this scatter is not apparent in the 
diagram due to the limited number of test points, 
there being an average of only 12 failed tests for 
each type of specimen. 


Scatter of Test Points 


The scatter of test points is due to unavoid- 
able differences in test specimens no matter how 
carefully they are made, and since these differ- 
ences constitute varying degrees of stress concen- 
tration, the fatigue line representing the poorest 
of a group of specimens should lie on a steeper 
slope than the fatigue line representing the best 
of the specimens. This is for the same reason 
that the average slopes for 
the rotating beam specimens 
shown in Fig. 3 increase 
with the severity of the 


of Cellulose Ace- 


strength of the material, 2000 
whereas laboratory test \ 
specimens may indicate 
50% to be obtainable. 


I | stress concentration due to 
shape of notch. 

The test points for any 
group of specimens would, 


afi 


therefore, be expected to lie 


The difference in 


within a scatter band diverg- 


slope of fatigue curves 


| 


- 1000 

800 
suggests that this char- & 600 : ing from the region of high 
acteristic promises a way “= — stress. The distribution of 
whereby we may eventu- Rectangular Notched in test points within this scat- 
ally greatly improve our 400 ter band at any constant 
accuracy in determining 0 10 10 od 0 load will be of the order 

Cycles to Failure shown in Fig. 2. 

100 T If a sufficient number 
» 80 om — T of specimens had been tested, and if 
> 4 the stress scale proportionality were 
§ 60 —+—t —— the same for all specimens, it is prob- 
S —-4 ee able that the sloped lines in Fig. 3 
S 40 Norrnetiend and 4 “t™ | | would all tend to converge toward a 
Annealed | point in the vicinity of 1000 cycles and 
90,000 psi., somewhat as indicated in 
| | Fig. 4. In this chart the fatigue slopes 
8 a9 | | | | } of specimens 1 and 4 of Fig. 3 are 

102 108 104 105 108 10? shown as converging bands rather 
Cycles to Failure than lines. This region of intersection 
Fig. Oberg and Johnson's Tests (on S.A.E, suggested the ultimate 


4134 Aircraft Steel, Normalized and Annealed) 
Designed to Show Influence of Notch 


the strength of machine parts. This is now being 
done in rating the load capacity of ball bearings, 


roller bearings, and automobile transmission and 
rear ay Sears, 

The lines plotted in Fig. 3 are intended to 
represen! the averages for the specimens tested. 
Note the wide seatter of the test points and the 
— seatter of the points as the slope 

cTeas 


Note also that, generally, the scatter 
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strength of the material tested by 

Moore and Kommers was approxi- 

mately 95,000 psi. and, obviously, if 
the stress scale is correct for each type of speci- 
men, they would all withstand approximately the 
same stress at one stress cycle. The point of inter- 
section would probably be at a considerable num- 
ber of stress cycles because the ductility of the 
material permits adjustment of stress through 
yield, thus reducing the influence of local highly 
stressed points. For very brittle material, the 
intersection point of the fatigue curves for the 
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Stress, Yo of Ultimate 


type of specimens shown in Fig. 3 would probably 
be near the ultimate strength and nearer one 
cycle of stress. 

There are not now available sufficient data 
on any specimens to complete a group of fatigue 
diagrams to the region of intersection. Knowl- 
edge of the characteristics of fatigue curves at 
high stress would be valuable in industry since it 
would greatly facilitate interpretation of fatigue 
tests on machine parts. Such tests could be 
evaluated in terms of the slope of the fatigue 
curve, which would also give a clue to the actual 
stress, if desired, in the part being tested. 


Apparent Disagreement of Test Data 


The research committee on Fatigue of Metals 
of the American Society for Testing Materials 
recently sponsored a cooperative test program in 
which several laboratories conducted independent 
fatigue tests on identical material (heat treated 
S.A.E.4340) under similar test conditions. The 
results were reported in an A.S.T.M. research 
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Fig. 9 Fatigue Tests on Duralu- 
min, Re-Plotted on Log-Log Scale 


report presented at the June 1941 annual meeting, 
and from this the group of plots shown in Fig. 5 
is taken. Note the wide disagreement between 
the curves from the several laboratories in the 
fatigue limit as well as in the sloping part of the 
curves. When all of the 59 individual failed 
points are plotted on a log-log chart, as is shown 
in Fig. 6, we begin to see a semblance of order. 
All of the points lie within a scatter band of the 
same converging form that is shown in Fig. 4. 

In passing, it is interesting to note that in 
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Fig. 5 we find 9 test points at 85,00) psi. load 
which are the points plotted in the life expectane, 
curve, Fig. 2, to show that the life variation , 
laboratory specimens is of the same order as the 
life variation of gears and other machine parts 
Published data on fatigue of metals contgiy 
numerous tests showing the same general tren, 
of increasing slope with increasing stress concep. 
tration whether due to differences in specimey 
shape, specimen size, mechanical working 
specimen surface, surface coatings, fillet radi 
surface finish, or to unavoidable variation, 
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Fig. 10 — Similar Results From Appropriate 
Tests on “Electron”, a Strong Magnesium Alloy 


between “identical” specimens. As _ previous!) 
stated, this tendency toward convergence is st! 
dom apparent in the published curves because th: 
investigators have plotted their data on linea! 
ordinates and logarithmic abscissas and always 
there are insufficient test points. 

A few other diagrams will now be give" 
replotted from published data, to the same se" 
as Fig. 4, in which the stress scale is four time 
the scale of stress repetitions. The slopes of ‘ 
curves are calculated as the measured horizon\s 
distance multiplied by the scale ratio divided by 
the measured vertical distance. (Note that ths 
is the reciprocal of the slope as ordinarily ust 
in engineering but it is a more convenient [or 
for our purpose.) : 

T. T. Oberg and J. B. Johnson report © the 
Proceedings of the American Society for Tes!" 
Materials, Vol. 37, Part 2, 1937, page | 
parison between polished and notched +pe 
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This 1s 
the exp 
in Fig. « 

Surface treatment of the test specimens other 
than the degree of smoothness has a marked 
offect on fatigue strength. In a paper on “Increas- 
ing the Fatigue Strength of Press-Fitted Axle 
\ssemblies by Surface Rolling (Transactions, 
\merican Society of Mechanical Engineering, Vol. 
58, 1936, p. A-91), O. J. Horger and J. L. Maul- 
betsch compared normal well-finished specimens 
with specimens that had been subjected to a roll- 
ing operation which introduced compressive 
stresses in the surface layer. The rolled speci- 
mens showed considerably better endurance, as 
shown in Fig. 3 of the first part of this paper 
February Metal Progress, page 212). 

Since the rolled specimens were pre-stressed 
in compression the subsequent tension stresses 
during the test were reduced as is shown in Fig. 6 
{ the February article, page 213; hence the dif- 
ference in the slope of the curves for the two 
types of specimens. Since this treatment would 
be ineffective in a tensile test the lines should 
converge in the manner shown. 


ments by Moore and Kommers shown 


Tendency Persists in Other Materials 


When replotted on log-log charts, published 
other materials than steel 
exhibit the same tendency to converge toward the 
lelt and to increase their slope as notch effects 
are increased. 

W. M. Findley, in Modern Plastics, Vol. 19, 
M1, page 57, described fatigue tests on cellulose 
wetate specimens with the replotted results 
shown in Fig. 8. As is usual there are not as 
many test points as are needed to define the 
region of convergence but the trend is definite. 

Fatigue tests on duralumin, Fig. 9, and 
magnesium, Fig. 10, in plain and various notched 
specimens were reported by H. Burnheim in 
Luftfahrtforschung, Vol. 19, No. 2-3, March 1941. 
these re-plotted charts are more satisfactory than 
most published data in that the region of con- 
‘ergenee is more clearly defined. 

From the foregoing it seems reasonable, as a 
‘orking hypothesis, to assume that, except pos- 
sibly for very ductile metals, the slope of the 
‘aligue curve, as measured on a log-log plot, may 
be considered a measure of effective stress and 
that the fatigue curves for varying stress concen- 
‘tations converge toward a point near the tensile 


laiigue curves on 


Strength of the material and at some considerable 

‘umber of stress cycles. In an article in next 

mi Yetal Progress it will be shown how 
ese id 


s can be utilized in practice. i) 


wn in Fig. 7 with results similar to 
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THIN CASE HARDENING 
WITH RADIO ENERGY* 


By VERNON W. SHERMAN 


NDUCTION heating of metals was patented over 

50 years ago, and is commonly used at present. 
The principal frequencies now used for melting, 
preheating, and annealing are generally below 
12,000 cycles. For surface hardening of relatively 
large parts where considerable depth of case can 
be permitted, frequencies up to 12,000 are of 
value. For thin case hardening (0.005 to 0.030 
in.) frequencies above 500,000 cycles are indi- 
cated; in fact, the author recommends 5,000,000 
to 15,000,000-cycle energy. 

When an iron cylinder is placed within the 
turns of an induction heating coil, energized with 
alternating current, heat is developed in the iron 
part. A high rate of energy input for a short time 
interval is required to restrict heating to a con- 
trollable surface layer —for the following rea- 
sons: 

When the turns of the induction heating coil 
enclose an iron cylinder, a transformer is created 
whose secondary is the short-circuited surface 
layer of the iron cylinder. The current 7 which 
is induced into this secondary flows through a 
resistance R and develops heat at a rate that in 
watts is equal to [?R. This is the mechanism 
whereby electricai energy is converted into heat 
energy. 

In a particular induction heating coil there 
will be a finite number of turns, such as ten, and 
through these turns the equipment will drive 
some definite current, such as 100 amperes. 
There is then available for heat-treating purposes 
a 1000 ampere-turn primary. Since the secondary 
consists of one turn, its theoretical maximum 
current cannot exceed 1000 amperes. 

Because of the need for insulation and 
mechanical clearance, the secondary will be 
spaced somewhat away from the primary and 
therefore not all of the primary flux will thread 
the surface of the work. If only 50% of the pri- 
mary flux links with the (Cont. on page 294) 


*Summary of article by Vernon W. Sherman, 
Manager, Industrial Electronics Division, Federal 
Telephone & Radio Corp., entitled “Thin Case Hard- 
ening with Radio-Frequency Energy”, Aeronautical 
Engineering Review, June 1943. 
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Random observations, mostly about 


CRITICAL POINTS 


By THE EDITOR 


ships, passed by the Navy’s Cens 


CQUIRED many new ideas at the annual meeting 
A of the American Society for Testing Materials 
in Pittsburgh, and also advanced some of my own 
which were not unanimously and enthusiastically 
accepted — all of which is as it should be and is 
the common experience of those fortunate enough 
to attend such gatherings. Sharply reminded of 
the passage of time, however, by comparing a 
“symposium” on the hardness test——a rather 
dull rehash of information about what the test 
really tests, rescued by some trenchant remarks 

by Bureau of Standards’ Dr. 
TUCKERMAN —- with another held 


Hardness 
d by the infant American Society 

ceeep as for Steel Treating certainly 20 

fatigue years ago, where those present 


were eager to discuss the com- 
mercial and practical possibilities of the “new” 
Brinell test. In another meeting, R. G. Sturm of 
Aleoa Laboratories acted as advocate for a little 
liked property of metals, noting that whereas 
there are two bad things about creep, since a 
metal part under high stress may grow too big 
for its clearances or may become inadequate for 
its load and buckle, yet there are two good things 
of far greater significance: First is that creep 
enables metal to relieve stresses at internal and 
surface “stress raisers”, and second is that creep 
equalizes the stresses in such things as walls of 
drums and pressure vessels. Notable at this 
session were the papers by Westinghouse’s Napar 
and McVerttry showing how a series of creep tests 
on a single metal at a limited number of times, 
temperatures and loads, could be resolved into a 
system of interpolated data from which the 
designer could predict the expected action of a 
definite part under a given tensile stress and a 
certain temperature. In this respect the students 
of creep are away ahead of the fatigue testers, for 
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Otto ALMEN’s recent articles in Metal Progre; 
show how tenuous is the relation between th 
endurance of an ideal laboratory specimen and 

a moving machine part. 


pe as an engineering material was consid 
ered by the Marburg Lecturer at that sam 
A.S.T.M. meeting —L. J. of th 
Forest Products Laboratory at University of Ws. 
consin. This would have been no news 40 years 
ago, but in the intervening time steel has al! bu’ 
supplanted timber except in quite temporar 
structures —-a trend temporarily halted by wa 
shortages of metal. MARKWARDT cited severe 
reasons why this self-renewing 
natural resource could retain thes 
recent gains, such as improvements 
in joint designs, structural grad 
ing of timber, chemical seasoning 
and new preservatives. Water resistant glues 
have done much to improve plywoods and wide! 
their utility. Especially interesting are the com 
binations of wood, lignin (a wood product) ane 
phenolic plastics. It is possible to impregna! 
these resins into the wood cells, compress 
material, polymerize the resins by heat, and 
dense, strong substance emerges, a third again 
heavy as water, having 43,000 psi. tensile strengt! 
and a modulus of 4% million — certainly ‘h 
characteristics of an engineering material 
This combination of organic and synthetic male 
rial brings up again some thoughts on plastic 
-—those ubiquitous and multifarious substanc® 
that hold unforeseen possibilities — and reme"™ 
bered what JoHN TowNseNp of Bel! Telepho™ 
Laboratories said recently about an improveme™ 


Wood & 


plastics 


in heating technique of thin objects lie Vietrola 
records that ranks with one of the month-by- 
industry 


month “revolutions” in the plast: 
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henol and formaldehyde of the Bake- 
have been at a disadvantage to the 
stic materials because the latter “set” 
ore rapidly, thus speeding the manu- 
facturing operation, reducing die costs and form- 
ing pressures. Now the bakelite powders are 
pressed lightly into a compact, the latter placed 
» a high frequency electric field between two 
nlates and heated to a butter-like consistency, 
then transferred to restriking dies where polymer- 
vation is completed in 5% of the time formerly 


Resins 

lite fam 
thermo] 
so mucl 


necessary. 


» Anacostia, D. C., to attend the 20th birthday 
T of the Naval Research Laboratory, expanded 
recently at a prodigious rate, and glad to find 
Lawrence Appicks—— member of THomas A. 
Epison’s original Naval Consulting Board of 1916 

still active on that advisory committee. 
\nacostia’s achievements in underwater sonic 
detection of submarines and in accurate radio 
location of surface warships and aircraft were 
praised by JAMES Forresta, Under 
Secretary of the Navy, and Capt. 
Tuomas GaTcu, commanding ofli- 
cer of one of the battleships in the 
Solomon Islands fight. CHARLES 
Kerrerinc emphasized that 
these developments were the product of years of 
elfort by hundreds of men in dozens of labora- 
tories radar, for example, stemming from 
experiments about 25 years old. He also pointed 
ul a fundamental difference between naval 
research and commercial research: In industry 
the value of a new development does not accrue 
until everybody knows and uses it; new war 
materiel, on the other hand, is of value only as 
long as it is secret. 


The Navy 
studies 
detectors 


H' NcE practically nothing can be said about the 
activities of the physical metallurgy depart- 
ment, headed by Francis Wacrters, Jr. (Since 
the open house the Censor has asked all Editors 
‘0 refrain even from mentioning the name of one 
tits important sections!) One interesting recent 
‘em can be outlined, a quick test for quality of 
butt-welds in armor plate that checks 


Impact the proving-ground results on “H” 
test on plates illustrated in Metal Progress 
welded last March. Samples 1% in. wide are 
cut across the joint, fixed vertically, 
“rmor and struck by a blunt-nosed 50-cali- 

ber slug 2 in. above the centerline 
t the joint, Velocity of the bullet that cracks 


the joint in this impact test is a measure of the 


quality....Three problems, important to 
au arn 


are stalled at the very beginning: 
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Wanted is an inexpensive metal suitable for table- 
ware. Wanted is a method for rustproofing steels, 
a step out in front of the phosphate bonderizing. 
Wanted is a simple, non-toxic process better than 
painting for darkening aluminum and stainless 
so they don’t reflect light. Any ideas? 


T° Quincy (“Quinzy Mass” to the natives), site 
of Bethlehem Steel Co.’s enormous Fore River 
Shipyard, as well as another equally large sprung 
up since early 1942, and greatly cheered by the 
sight of so many aircraft carriers, heavy cruisers, 
and destroyer escorts in all 
stages of construction from 
keel laying to last touches in 
fitting-out basins. Fore River 
Yard builds nothing but the 
heavier warships, and it is strange to see, in the 
turret shop, these great armored cylinders - 

three stories high and jam-packed with mecha- 
assembled in a real production line 200 


Battleship 
manufac tory 


nism - 
yards long. 


ISCUSSED with Frievp, materials engineer 
D of Bethlehem’s Shipbuilding Division, many 
problems connected with welding of structures 
and repair welding of castings. His organization 
pioneered many years ago the plan of casting the 
carbon-molybdenum steel housings for steam 
turbines in three pieces and welding them together 
rather than casting them in a unit, thus molding 
and gating each portion in a way best suited to 
its shape and mass, rather 
than attempting a compro- 


Welding— 

: mise on a bigger piece. So the 
sprapsennee-ahe Yard was ready for the diffi- 
stern frames, cult welding of intricate stern 
“drumhead” frames, and the expert use of 


strip heaters for local pre- 
heating, and their final stress relieving in a fur- 
nace bigger than a house....What word, though, 
‘an describe politely the treatment a light bulk- 
head gets in “drumhead” welding? The plates 
are laid out on the flat steel floor of the “steel 
mill” (shipyard’s name for plate shop), tack 
welded to the floor around the outer edges of the 
assembly, and then the butts and _ stiffeners 
welded in such a way as to stretch the bulkhead 
toward its center until the anchorage all but 
snaps. To take out remaining buckles, numerous 
spots are heated with an oxy-acetylene flame; the 
expanding metal in the center of the hot spot 
upsets, and on cooling draws tension into the 
sheet. Don’t let anyone tell you that the ordinary 
or garden variety of steel that can survive this 
ordeal is “below quality”, no matter what the 
specification says. 
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yen of turbine blades into segments of 10 to 
15 has been successfully done at Fore River 
Shipyard for years, and illustrates some metal- 
lurgical fundamentals: First it was found that 
the 13% chromium stainless steel contained 
enough nickel and molybdenum that there was 
a transformation at about 500° F. when cooling 
after brazing, changing the volume enough so the 
brass in the joints would crack, it being weak in 

precisely that temperature range. 

So a dilatometer test was inserted 


Brazin 
inl & in the specifications, to the dis- 

stainless may of steel makers, but met 

assemblies readily by an analysis without 


tramp alloys. Next it is neces- 
sary that the parts be clean, so after machining 
they are dangled by their tip ends from a magnet, 
dunked in an electrolytic pickle, and the resulting 
brown smudge is scoured off in a wet shot blast. 
Correct preheating and brazing of the bases into 
one rigid segment is done with the help of a cam- 
operated lever; the segment, riding in a wire 
cradle, is immersed in the thick layer of molten 
flux deep enough and long enough so the metal 
is properly preheated, then lowered automatically 
an inch or so further so the bottom dips into the 
molten brass below, and metal is immediately 
sucked up into the joints by capillary action. 


ARDLY through the door of the first shop at 

Dominion Engineering Works in Montreal, 
chanced upon an instance where castings were 
replacing forgings and no one much to blame 
but the forge shop. Suppose you were making 
steam engines for Liberty Cargo Ships and were 
getting rough forgings (and I'll say they’re rough) 
weighing 3800 Ib. which ultimately machined 
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down to 1500, and found yoy could 


Castings steel castings Weighing only 
‘ 2350 Ib., suitable for the same ser. 


replace 

ice saving 35 to machine. 
f i hours of time in finishing Would 
orgings you hesitate which one {o choose 


“Oh yes,” you'd say, “but how aboy! 
the physicals?” Well, the marine inspection and 
insurance companies are not so much interested 
in strength of connecting rods as in plasticity 
in fact there is a maximum and minimum Spec- 
ified on ultimate, and a minimum on elongation 
Composition of the castings and the forgings js 
about the same (C 0.30%, Mn 0.75. Sj 0.95 
except that silicon in the castings is somewh' 
higher; elongation in 2 in. is a little less (39 
in place of 35% for the forging), but there is itt) 
or no difference between longitudinal and trans. 
verse directions in the cast rod. Izod impact 
the annealed forgings varies from 25 to 60 ft-l) 
corresponding to whether the grain size is coars 
or fine; for the castings it ranges around 35, they 
having a relatively fine grain size from their hea! 
treatment: First, air cool from 1650° F., and the: 
air cool or furnace cool from 1525° F., depending 
on analysis. ...Now which one would you choose 


pe Tait, metallurgist for Dominion and cur- 
rently chairman of Montreal Chapter ©. als 
showed me a testing set for large worm gears, b) 
means of which he is searching for a substitut: 
for phosphor bronze. The equipment includes « 
commercial gear box equipped with over-size 
roller bearings, wherein a casehardened and 
polished worm is direc! 
connected to an electri 
motor. The gear to be 
tested is accurately fitted 
and connected to a friction 
brake. In starting the test 
the combination is adjusted to transmit 2 hp. 4! 
standard speed, and a time-temperature curve 0! 
the lubricating oil is plotted. This rises to a ¢e™ 
tain degree and then stands stationary When 
everything is in equilibrium, the load is increased 
Eventually a load is reached where the temper 
ture rises continuously, which is evidence 0! 
seizure. Phosphor bronze in this set will res 
larly transmit 4% hp. A 90:2:8 Cu:Ni:Sb allo} 
developed by Cuester B. HAMILTON 0! Hamilton 
Gear and Machine Co. of Toronto wil! do Jus 
about as well. The same might be said for 
aluminum bronze (10% Al, 4% Fe, 1% ™a*- Mn 
Nothing else has yet approached 4*. "p» repre- 
senting a heavy load transmitted « 
Representative silicon bronzes, for ¢\ 
carry from 2 to 2% hp. 


Testing heavy 
worm and gear 
combinations 


inuously 
iple, will 
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pt to bring a greater definitions, derivations of for- the carburizing process, and a 


In an atte 


seqre' of cision into Buick’s mulae, information about gas table showing practical case 
rburiziny operations, particu- circulation and available carbon _ depths under normal conditions 
urly for thin cases of definite were constructed, and they led for a wide variety of times and 
irbon contents at the surface, to a series of experiments which temperatures which are also 
ome data sheets containing established some standards for applicable to diffusion cycles. 


“CASE DEPTH” 


—an attempt at a practical definition 


By F. E. HARRIS 


Furnace Engineer, Buick Motor Division, General Motors Corp., Flint, Mich. 


‘Perea than even though it was the earli- bility of carbon in austenite and its ability to 
‘est of all metallurgical operations to be diffuse therein. It will appear that the result will 
studied from a scientific standpoint, is today prac- _ be substantially constant for all the steels tested, 
ced commercially under the most diverse con- independent of chemical specification or grain 
litions. There is reasonable agreement that size, and therefore capable of being developed into 
1700" F. is close to the optimum operating tem- —_a standard for the evaluation of the carburizing 
erature, but great variation exists in the car- process. Equally valuable will be its application 
hurizing medium (solid, liquid or gas), the to diffusion treatments, because the control of 
nalysis of the steels being carburized, and the ‘arbon gradients by carburizing-diffusion cycles is 
post treatment comprising quenchings, reheatings important commercially and requires a close 
ind diffusion treatments. Recently published regulation of the operating conditions, Another 
‘ems in Metal Progress’s department “Bits and important by-product will be means for control- 
veces” indicate that metallurgists do not agree ling the inverse process, namely, decarburization 
‘pon a commercial method of evaluating the of a steel’s surface during heating for quenching, 
result of the process, and prove that the com- annealing, or other purpose. 


monly used term “case depth” has no precise 

‘ignificance. It is therefore timely to attempt a Experimental Procedure 

wore scientific approach to the problem of accu- 

le control, even though it will require the reader The basic experiments consisted of three runs 
set acquainted with some abstractions, and made at temperatures comprising the practical 


bplications of the laws of physical chemistry. carburizing range: 1600, 1650, and 1700° F. Each 
‘twill be the aim of this paper, therefore, to run includes samples, ground on centers to 1.000 


nalyze some simple operations — commercial + 0.001 in. diameter by 6% in. long, of carburiz- 
irburizing cycles supplying suffieient carbon at ing steels of varied analyses S.A.E. 1020, 2515, 
~ nee 'o satisfy the demands of the various 3115, 4320, 4620, 4820 and NE8620 and 8720. 
— adhering strictly to A 25-in. diameter by 36-in. deep Leeds & Northrup 

undamentals as they are known Homocarb furnace was employed, with gas flow- 


th : ther words, the experiments showing ing at standard and constant rate throughout each 
© carin i oti « ; j i 
* : ‘ou concentration at various depths in a cycle, and within which samples were hung ver- 
ample 
Pe stecl will be related to data on the solu- tically from a fixture. All three runs were of 8-hr. 
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Table I— Log Sheet of Furnace Runs 


Gas 
Gas FLow, 
TIME Tem- Cu.Fr. Per Hr REMARKS 
PERATURE PRESSURE | CO, 
(b) | Navurat Dry- 
Gas (c) COLENE (d) 
Run No. 1 at 1700° F. 2 
9:15 | 1600° F. 12 55 | Test plugs charged 
9:20 | 1620 0.70 | 2.0% 
9:25 | 1680 | 0.6 12 55 
9:30 | 1710 0.44 | 0.0 8 55 | Input at 15% (e) 
1:00 | 1700 040 | 00 | s | & Input at 20% 
4:45 | 1700 | 062 |00 | 8 55 
5:15 | | Test plugs pulled 
| Run No. 2 at 1650° F. | 
8:15 | 1575° F. 12 55 Test plugs charged 
8:20 | 0.70 | 4.0%} 12 55 Input at 20% 
8:25 | 1650 | 14 | 12 55 
8:30 | 1650 0.53 |} 0.0 | 8 55 
1:00 | 1650 0.0 8 55 
3:45 | 1650 | 0.0 | 8 55 
4:15 | | | Test plugs pulled 
Run No. 3 at 1600° F. 
8:10 | 1600° F. | 12 55 _ Test plugs charged 
8:15 | 1575 0.70 2.8% | 12 | 55 ? 
8:20 | 1600 0.70 =| 0.0 | 7 55 Input at 20% 
3:45 | 1600 0.58 | 0.0 s |; & | 
4:10 | | _ Test plugs pulled 


(b) Analysis of effluent. 


problem will be given. 


cut 5% in. apart, and the intervening surface 
turned down by 0.005 stages, samples collected 
and analyzed. Results for NE8620 are given in 
Table II (space limitations crowding out similar 
data for the other steels), but they are all plotted 
in the curves shown in Fig. 1 to 8, page 272A. 


Mechanisms and Methods 


Before evaluating the experimental data, 
various methods of simplifying the theoretical 


It will be assumed that the conception of 
“normal carburizing at a given temperature” will 
involve the establishment of saturated austenite 


(c) 79% 8% CsHs, 4% CsHs, 9% Na. 
(d) 22.7% CO, 2.2% Hs, 75.1% Ns 
(e) Electrical heating input (Lindberg control) in % 


duration, the log sheets being as shown above. 
On the day preceding the first run the fur- 
nace was brought to 1600° F. during the afternoon 
and held all night, purging constantly with a mix- 
ture of 4 cu.ft. of natural gas and 55 cu.ft. of dry- 
colene (hourly consumption). Overnight—- at any depth below the surface at the end o! © 
between runs — the furnace was held at tempera- 
ture, with 2 cu.ft. of natural gas and 55 cu.ft. of 
drycolene per hr. constantly passing through. 
Carburized samples were air cooled, notches 


of max. kw. 


(a) Pressure at top of furnace in inches of water above atmospheric. 


at the steel surface. Ty 


does not occur immed 


ately, for the cold v« 


must be brought to ter 


perature, and its ye, 
surface layer must aby» 


as much carbon as it , 
by virtue of its temper 
ture and content of | 
and incidental eleme 
Time at which carby 
ing starts is, therefor 
that time when the si 
has reached temperatu: 
or that time when | 
effluent gases show 
CO,, whichever is 
longer. Table I sho 
the time to reach zx 
CO, is 10 to 15 min 


these experiments, alioy 
ing another 15 min. | 


reach equilibrium, y 


take 7% hr. as the “nor 


mal carburizing period 


that period for which, : 


a given temperature, t! 
carbon concentrati 


maintained at the ste 


surface represents th 


saturated solution for 
given steel analysis. 


The actual carbon concentration at the sw 


face is a function of temperature and steel spec! 
cation. This carbon, constantly renewed, diflus 
inward toward metal of lower carbon cont 
The depth of penetration and the carbon conte! 


process, after any known time, should be caps! 
of calculation if we have sufficiently accur' 


Table Il — Carbon Content of NE8620 Samples 


(Base Carbon 0.22%) 


1700°F. | 1650°F. | 1600°F 
0.000 =| (1.31) (1.24) (1.18 
0.005 | 1.23 1.26 1.18 
0.010 1.21 1.10 104 
0.015 =| 1.14 1.04 0.96 
0.020 | 1.06 | 0.93 0.54 
0.030 | 0.94 | 0.79 
0.040 0.74 0.58 0.48 
0.050 0.58 0.44 0.34 
0.060 0.43 0.31 
0.070 0.33 0.25 
0.080 0.27 0.21 
0.090 0.24 
0.100 0.24 


CARBURIZING TEMPERATURE 
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tnowledge of the physico-chemical laws of diffu- 
jon, and a knowledge of the diffusion “constant”. 

The diffusion constant D (or “diffusivity 
coefficient”) is defined as the amount of a sub- 
stance in grams diffusing in 1 sec. across an area 
of 1 sq.cm. through a unit concentration gradient. 
The principal variable that increases its mag- 
nitude is, of course, temperature; the higher the 
temperature the more rapid the diffusion. Another 
factor, in the case of austenite, is the “pressure 
head” or local concentration of carbon. For the 
present we will assume that the diffusion constant 
is independent of composition of the austenite in 
alloys other than carbon, or its grain size. 

The theoretical relation between diffusion 
“constant”, carbon concentration, and depth after 
any elapsed time is given by the so-called Fick 
law of diffusion, which may be written 


a differential equation wherein 


coefficient D is supposedly constant, and the curve 
may be plotted without assigning definite values 
for either ¢ or D. Such a curve will properly 
define the concentration gradient for a diffusion 
coefficient which is independent of concentration, 
when a saturated concentration is always main- 
tained at the surface throughout a given time f¢, 
and when the concentration remains at the orig- 
inal value at some very large distance from the 
surface. It is shown in Fig. 9 in dimensionless 
units, with numerical values of ordinates as far 
out as a value of 2.0 on the horizontal scale. 

Now it should be apparent that the area 
under this curve is related to the amount of car- 
bon added to the steel. If the theory is correct 
and the assumed simplifications not too erro- 
neous, the curve should be fairly close to the 
concentration-depth curves derived from our car- 
burization experiments, when the ordinates are 


c denotes concentration of car- 


bon at any given point S 
t denotes elapsed time 
r is the linear distance of the & 

given point below the surface of Oks 


high concentration cs 


D is the diffusion “constant”. 


Neglecting, for the time, the 
relatively small variation of D with 
the amount of carbon existing at 
the spot under consideration, the 
solution of this equation for a semi- 
infinite solid, where a saturated 
concentration, c,, is maintained at 
the surface, is expressed by 


Constant). 
27 
(2) 
in Which the last term is the “probability inte- 
gral”, whose values are given in many mathe- 
matical tables; also 
( — gain in carbon at a given point 
(, = gain in carbon at surface (surface car- 
bon minus carbon content of original bar) 
y = (2% —x)+—2\/Dt (See note* below.) 
The concentration curve may be plotted for 
this solution, plotting C/C, in vertical ordinates 
‘computed for a series of values assigned to 
'—-2\ Dt for the abscissa. Note that for this 
purpose the time ¢ is given and the diffusion 


significance only in the derivation of equa- 
. A complete mathematical treatment of all 
solutic concerning diffusion rates and constants 
used in this paper may be found in “Diffusion in and 
Solids”, by R. M. Barrer. 


tion (2 


Throug 


564 by Computation 


_ 100 Times the Velue of 
he Integral, 
- at Any Point 
S 
‘ 
— 


040 060 080 100 120 140 160 
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from Orainates 
- 29 by integration of S 
Probability Function | : 


180 200 


Fig. 9 — Concentration-Depth Curve Plotted in Dimensionless Units 
(Without Assigning Definite Numerical Values to Time or Diffusion 
It is the same as 1—-P.J. where PJ. is the 
integral”, values for which are taken from mathematical tables 


“probability 


per cent carbon, and abscissae are penetrations 
in inches (the data obtained from chemical 
analysis of depth cuts on the carburized bars). 
It is also obvious that the carbon actually added 
to the steel in any of our experiments is related 
to the area between the respective curve (Fig. | 
to 8, page 272A) and the horizontal line repre- 
senting c, or the base carbon of the original bar. 
Likewise it may be possible for simplicity to 
replace the experimental curves by straight lines, 


+Area under any of these curves (carbon added) 
may be measured by planimeter, or simply computed 
by assuming it to be a series of parallelograms, whose 
heights are the values of the ordinates as plotted and 
whose widths are the distance between ordinates. 
When the theoretical curve of Fig. 9 is so computed 
the total area out as far as x + 2\/Dt = 2.0 becomes 
56.4, a close check to the theoretical value of 
100 = \/*, area under the probability curve to infinity. 
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which average the actual conditions fairly well. 
All these three lines should have this in common: 
That the area under the curves should be equal 
that is, that they should represent the same 
amount of added carbon. 

Three curves of this sort are plotted on Fig. 
10, as follows: Curve 1 is the curve of Fig. 9, the 
gradient for a diffusion coefficient which is inde- 
pendent of concentration; curve 2 is a straight 
line which will define the “apparent case depth”, 
assuming an average value for the diffusion con- 
stant and an average concentration gradient; and 
curve 3 the “standard concentration gradient”, 
a composite compiled from the test-run analytical 
data as follows: Ordinate values of 100C/C, are 
computed from the carbon analyses of the various 
cuts, and x 2\/Dt for the abscissa values com- 
puted from the mean depth of cuts for which the 
chemical analyses are taken. 

These three gradients or curves will have one 
factor in common, namely, the area enclosed by 
all three will be identical. For the practical appli- 
cation in the carburizing process, this area will 
represent (when multiplied by some numerical 


Case Depth 


A Fig. 10 Theoretical Concen- 

my ; tration-Depth Curve (No. 1); line is, of course, partly on 
Straight Line Bounding Same choice. In determining its s! 

| Area (No. 2); Composite Con- 

centration-Depth Curve Aver- 

~ 

> aging All the Experimental 

Sys Data From Table Ill (No. 3) 


factor) the added carbon accrued during that 
process. Since curve | is derived from Fick’s law 
and is the same curve as Fig. 9, its area to the 
horizontal axis is 1 — \/r (100 ~ \/x, if ordinates 
are expressed in per cent), and the equivalent 
triangle OSD made by line 2 drawn from the 
ordinate C/C, — 100% must cut the horizontal 
axis at a distance equal to 2 ./z or 1.13. This 
point of intersection on the abscissa will be desig- 
nated the “apparent case depth”. 

As will be shown later, the actual variation 
of the diffusion constant with concentration of 
carbon, neglected in Fig. 9, favors the assumption 
of a straight line gradient in the treatment given 
in Fig. 10, since the straight line No. 2 approaches 
the actual curve No. 3 much closer than the 
theoretical curve 1 computed on the assumption 
that D is independent of concentration. 


also lowered by a decrease in the car! 
perature. 
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Standard 
Carbon Concentration Gradient 


It will now be necessary to explain in mop 


detail how curve 3 of Fig. 10, the “standary 
carbon concentration gradient, is derived. 


definition it is an experimental curve, obtgines 
from analyzing surface layers after normally ex. 
burizing steels of varying analyses and base ey. 
bons and at varying temperatures within th 


-arburizing range. Analytical results are plots 
with 100C/C, as ordinates, with % of case depit 


for abscissas. The existence of such an averay 


curve, closely approximating each of the actu 


test runs, is a logical deduction from the assump. 
tion that the diffusion rate of carbon in austenit: 
is independent of the composition of the steel 


This deduction will now be tested. 


On each of the curves in Fig. 1 to 8 a straight 
line is drawn from a point on the vertical axis 


to another point on the base carbon line (paralk 
to the depth axis) much as described above fu 


Fig. 10. This line is so chosen that the area 
under it equals the area under the concentralivo- 


depth curve. The point of intersection with the 
initial carbon line is the “apparent case depth 
as defined in Fig. 10. 


in the first 0.005-in. cut is give 
little weight, due to loss of carbor 


determining the carbon gradient that mus' 


have been maintained during the carburizin: 


period to produce the concentration found !) 

analysis for these cuts. (The fact that 
subsequent evaluation of the test data, using th 
surface concentrations chosen, led to a consisien 
curve in determining the “normal carbon grad 


*Keep clearly in mind the distinction betwe 
diffusion rate and surface carbon. Diffusion rate © 
be relatively independent of alloy content, yet \™ 
estimated surface carbon evidently drops with 
increase in nickel content. For example, take 
figures for 1650° F.: 


NOMINAL CARBON AT 
STEEL NICKEL CONTENT SuRFACE 
1020 none 1.24% 
8720 0.55 1.22 
3115 1.25 1.17 
4320 1.80 i 19 
4620 1.80 1.17 
4820 3.50 i 
2515 5.0 1.06 
carbon 


It is quite apparent that the surfa: 


The exact slope of this straigh! 


the experimental value of carbon 


while cooling the sample; the nex! 
three cuts are given equal consideration \9 
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ent” points to a reasonable consistency in deter- 
»ining these surface concentration values.) 

Next {he “apparent case depth” for each test 
piece determined as above was divided into ten 
equal parts and the dimensionless values for 
0cC, were computed for each of these ordi- 
nates. A sample computation will be shown for 
NES620 at carburizing temperature of 1650°, 
for 40% of apparent case depth: Since the 
pparent case depth as shown in Fig. 7 for this 
steel and temperature is 0.0587 in., conditions 
are to be figured at 40% of this depth or 0.02348 
n.. located at ordinate R in Fig. 7. Carbon con- 
tent at this depth is given by point T on the 1650° 
urve which seales at 0.815%. Since the base 
arbon is 0.22, the carbon increase at the 40% 
mark, or C, is 0.815 — 0.22 — 0.595% (the dis- 
tance T-S). Surface carbon for this run is prob- 
ably clese to 1.24% (point P) and the carbon 
crease at the surface, or C,, is 1.24 — 0.22 — 
12%. The dimensionless unit is therefore 
C 0.595 — 1.02 — 0.583 (or 58.3 if 
‘pressed in percentage). Similar values for the 
700° run and for the 1600° run figure out to be 
0 and 57.5 respectively, a fairly good check 
etween experimental values and the simplifying 
ssumptions made about the diffusion constant. 

Computations of this sort for all the curves 
for the eight steels fill a large sheet and average 
results are given in Table III. 

When the values given in Table III above are 
lotted, as in Fig. 11, we have the “standard car- 
bon concentration gradient” for normal carburiz- 
ng. This curve, it will be noted, is developed 
rom steels with varying surface carbon charac- 
leristies, at a range of temperature 
roducing of itself a varied surface 100 
neentration for each steel. Table III 


Table III — 100 C/C, (Averages for All 24 Tests) 


ARITHMETIC STANDARD 
Case Dertu AVERAGE DEVIATION (a) 
10 1.3 
20 81.4 1.0 
30 70.7 1.5 
40 59.1 1.0 
50 47.2 1.2 
60 35.8 1.0 
70 25.6 0.9 
80 17.2 1.3 
90 11.0 1.3 
100 6.7 1.4 
110 4.0 1.4 
120 1.9 1.1 


(a) Three-quarters of the observed values may 
be expected to fall within this range, plus or minus. 


Case Depth 


The work of Wells and Mehl at Carnegie 
Institute of Technology, described in brief in a 
later paragraph, has shown conclusively that 
variations in grain size and, for the moderate 
amounts found in carburizing steels, additions 
of alloying elements have a negligible effect on 
diffusion rates.* It would also seem that a 


*Of course these same factors may have a pro- 
nounced effect on hAardenability, and since “case 
depth” is often judged from a fracture of a hardened 
bar, the hardened rim is mistaken for carbon pene- 
tration. For example, Earle C. Smith, chief metal- 
lurgist of Republic Stecl Corp., pointed out in the 
discussion of Wells and Mehl’s paper that there is 
no difference in carbon penetration in the commer- 
cial carburization of fine-grained nickel steels and 
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vmultaneously represents a wide range Standard Carbon 
added carbon and case depth values. qe” Cancentrsetion Greaient 
ad case depth conditions, the averages 
ind the standard deviations demonstrate x 
close agreement with each of the 24 NA Line ne Relation of 
‘est bars; necessarily each run checks ] | 
wely with the average. From this can «0 Probability Function) 
drawn two conclusions: 1. The con- § = 
‘ton of normal carburizing for each of Apparent Case Depth + | \_! 
he three runs is established. 2. The 8 20 | = 
ieept of one standard gradient, with be 
‘Mensionless units, for the normal car- » —— 
‘urizing temperature range, and for a 5 20 40 60 80 700 0 
vertation of steel specifications, % of Apparent Case Depth 
vithout ae one and can be used Fig. 11 — Experimental Results of Each of 24 Runs (Tempera- 
From this vietabhies = dellatttan of ture 1600 to 1700° F., 8 Steels) Reduced to Dimensionless 
case dep'h will now be ¢ vat, Average Out Closely and Produce Standard Carbon 
attempted. Concentration Gradient for Normal Carburizing’; Curve 3 
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specification based on the carbon gradient should 
be the proper one for defining case depth; the 
carburizing process is simply one of adding car- 
bon, and by use of the standard gradient, con- 
centrations at all depths may be readily predicted. 
For these reasons, it is suggested that case depth 
for a normal carburizing period be defined in 
terms of (a) amount of added carbon and (b) 
saturated carbon concentration. The convention 
of a straight line gradient has the merit of sim- 
plicity and of easy evaluation; when it is drawn 
to subtend the area corresponding to the true 
amount of carbon addition, and from the ordinate 
on the vertical axis representing saturated con- 
centration, the point of intersection with the 
base carbon line is concisely defined. This inter- 
section we have called the case depth. 

This value can be calculated from a series 
of carbon analyses of successive layers, plotting 
the data, and measuring the area under the con- 
centration-depth curve and above the base-carbon 
horizontal. The units will be % carbon added 
and inches depth. If this area is multiplied by 
four it will express the amount of carbon in 
pounds added to 10 sq.ft. of surface area (the 
surface area of 100 lb. of 1-in. round). If the 
figure for carbon added to 10 sq.ft. of surface 
area is divided by twice the gain in carbon at the 
surface, the result is the case depth. 

As a specific example the area under the 
curve in Fig. 7 for NE8620 carburized at 1650° is 
0.02995; the total carbon added to 10 sq.ft. of 
surface <4 « 0.02995 — 0.1198; the carbon 
increase at the surface, C,, is 1.02% and the case 
depth is 0.1198 — (2 « 1.02) — 0.0587 in. (This 
must, of course, check with the intersection of 
the average straight line for 1650° F. in Fig. 7, 
for this line was drawn to satisfy the require- 
ments that the area under it is the same as the 
area under the experimental curve.) At the inner- 
most limit of the case depth, so defined, the car- 
bon concentration of the actual steel, as taken 
from this curve, is about 0.29%, 0.07% more than 
the base carbon. 

Returning to all the data summarized by 
Table II, the derived case depths for the eight 
steels at the three temperatures may be com- 
puted. At each of the three carburizing tempera- 
tures, the case depth for each steel agrees well 
with the average for all steels. In fact, only one 
steel (S.A.E, 2515, with 5% Ni) shows a consistent 
variation in one direction; its values for C/C, are 
slightly below the average, possibly due to lower 
coarse-grained nickel steels in large production, but 
since the fine-grained steels are not so hardenable, 


the resulting thinner hardened “case” is often 
ascribed to a supposedly shallower penetration. 


surface carbons in equilibrium in this 
alloy steel (see footnote, page 268). 

A summary of the averages for (he experi- 
mental data for all eight steels is as follows: 
Temperature, °F. 1700 1650 1600 
Absolute temp. (T) 2160 2110 206) 
Total hours 8 8 8 
Carburizing time (t) 7.5 7.5 75 
Case depth for t = 7.5* 0.0684 


0.0589 0.0483 
Case depth for t = 1.0+ 0.025 0.021 0.018 


An empirical equation which fits these dat, 
giving the relationship between case depth (Cp) 
in inches, time ¢ in hours, and temperature T jp 
absolute (Fahrenheit scale) is 


This expression can now be used in the 
evaluation of the theoretical curve 1 in Fig. 1) 
it will be recalled that i} was plotted from an 
approximate solution of ‘Fick’s law; the area 
under it (proportional to the added carbon) js 
1--\/n, and the intersection of the average 


ther high 


straight line 2 with the horizontal is at Bi i 


Solving for D from this equation we have 


At t= 1 hr. and at x — case depth we have 
4 
D= (case depth = 


and substituting the value of C.D. in equation 
(2), also for the condition of unit time, { = | br. 
we have, for the average diffusion constant, 


7/316 \?. . 


(316 
in cm. per sec. (5) 
10 


235. cm. per sec. (6) 

(id) 
where equation (6) is had merely by substituting 
the value of + and reducing. 

A general check can now be made on the 
validity of the assumptions in this work ai Buick 
Motor’s laboratories, by comparing the results 
computed by the above equation with the most 
satisfactory analysis of experimental data cover- 
ing the diffusion of carbon in austenite, by Wells 
and Mehl in a paper entitled “Rate o! Diffusion 
of Carbon in Austenite in Plain Carbon, in Nick! 
and in Manganese Steels”, presented to ‘he 1940 
convention of the American Institute 0! Mining 
and Metallurgical Engineers. Wells anc Mehl, in 
their experiments, butt welded 1-in. ! ind rods 
~~ *Averages from Fig. 1 to 8, page 272 

+Case depth for 7.5 hr. divided by \ 
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wled quickly, 


ross the 


carbon-free 


Armco iron hyper- 


irbon steels, quick welding being done 


atmosphere and by electric resistance 


These duplex bars were then heated 
. 4 surrounding inert atmosphere of argon, 


and 
weld 


line measured by 


the movement of carbon 
chemical 


nalysis of successive plates, machined off per- 


endicular to the axis. 


Representative 


values for diffusion constant 


rived from these experiments are compared in 
rable [V with the average value of diffusion con- 


ant computed by our equation (©) on page 270. 


General Table 


Formula (2) for depth of case in inches is 
mmediately available for computing the result 
(arun of any length et any temperature above 
ic, in any medium that maintains a saturated 


irbon content at the surface. 


In Table V these 


mputations are made for temperatures from 


30 hr. 


Table VY — Case Depths in Inches for Various Times and Temperatures 


1350 to 1850° F. at 5 


The wide 


0° intervals, with times of 1 
range of temperatures will 


je useful in estimating possible decarburization 


Table IV — Comparison of Diffusion Constants 


TeM- D. py Wetts & 
PERATURE 
°F, — FOR 0.70% C FoR 1.00% C Dew 
1391 0.18 x 10-7 0.22 10-7 
1697 16 «10-7 21 «10-7 2.19 « 10-7 
1841 3.7 x 10-7 49x 10-7 | 5.22 x 10-7 
1841* 43 107 5610-7 5.22 x 10-7 


*For steel containing 1.9% nickel. 


for various conditions of processing, as well as 
the effect of a diffusion period, when heating in 
a neutral atmosphere. 

An example will now be given of the method 
of using Table V in determining the carburizing 
and diffusion cycle for a 0.20% carbon steel which 
will give 0.80% carbon at the surface and a case 
depth of 0.150 in. For a carburizing temperature 
of 1700° F. and assuming the concentration of 
carbon in the surface austenite to be 1.25%, the 
carbon increase at the surface, C,, at the end of 
the carburizing cycle will be 1.25 — 0.20 — 1.05%. 
The eventual carbon at the surface after the dif- 
fusion cycle, however, is specified as 0.80%, an 
increase in carbon of 0.80 — 
0.20 — 0.60%. The propor- 
tion between the two values, 


TIME IN 
Hr. 


1350, 1400 


0.006 0.008) 0.010) 0.012) 0.015 0.025 | 0.029 0.034 | 0.040 
|0.014/0.017 | 0.021 | 0.025 0.030 0.035 0.041 
0.017 0.021 | 0.025 | 0.031 0.037 0.043) 0.051 | 0.059) 0.069 
0.020 0.024 | 0.029 0.035 | 0.042 0.050 | 0.059) 0.069) 0.079 
0.022 | 0.027 0.033) 0.040 | 0.047) 0. 056 | 0.066 | 0.077 | 0.089 


0.009 0.011 
0.011 0.014 
0.013 0.016 
0.01. 0.018 
0.015) 0.019 
0.017 0.021 
0.018 0.022 
0.019) 0.024 
0.020 0.025 


0.021) 0.026) 


0.022 | 0.027 
0.023) 0.028) 
0.023) 0.029 
0.024) 0.031 
0.025! 0.032 
0.026 0.033 | 
0.027/| 0.033 
0.027 | 0.034 


0.028 | 0.035) 


0.029 | 0.036 
0.029) 0.037 
0.030 0.038 
0.031 0.039 


0.031 0.039 


0.032 0.040 
0.033 0.041 
0.033 0.042 
0.034 | 0.042 
0.034 0.043 


TEMPERATURE, °F. 


1450 1500 1550 | 1600 | 1650 


0.024 | 0.030 | 0.036 0. 043 0.052) 0.061! | 0.072 | 0.084 | 0.097 
0.026 | 0.0 32 | 0.039 0.047 | 0.056) 0. 066! 0.078 | 0.091 
0.028) 0. 034| 0. 041 0. 050 | 0.060 0.071 | 0.083 0.097 0.112 
0.029 0.036) 0.044 | 0.053 | 0.063 | 0.075 | 0.088) 0.103 0.119 
0.031) 0.038) 0.046 | 0.0: 56 | 0.067 | 0.079) 0.093 | 0.108 0.126 


0.033} 0.040 0.048 0.070) 0.083 | 0.097 
0.034 0.042 0.051 |0.061 |0.073 0.087 |0.102| 0.119 0.138 
0.035) 0.043) 0.053 |0.064 |0.076 | 0.090 | 0.106 | 0.123 | 0.143 
0.037| 0.045} 0.055 |0.066 0.079 | 0.094 | 0.110/ 0.128 0.149 
7 | 0.068 (0.082 | 0.097 | 0.114| 0.133 0.154 
0.100) 0.117) 0.137|0.159 
0. 040) 0.0: 50) 0.060/ 0. 073) 0. 087 0.103 | 0.121 0.141 0.164 
0.106 | 0.125 | 0.145 | 0.169 


0. 039) 0.047 | 0.057 
0.039) 0. 048 0. 0. 071 0.084) 


0.042) 0.051) 0.062, | 0.075) 0.090 
0.043 0.053 | 0.064 | 0.077 | 0.092) 
0.044 0.054 0.066 (0.079) 0. 094 | 
0.045 0.055 0. 067) 0. 081 0. 097 
0.046 | 0.056) 0.069 | 0. 083 | 0.099, 
0.047 0.058) 0.070/| 0.085 | 0.101 
0.048) 0.059 | 0.072 0.086 | 0.103 
0.049 | 0.060 | 0.073 | 0.088 | 0.106 


0.050 0.061 | 0.075 | 0.090 0.108 
0.051 | 0.063 0.076 | 0.092 0.110 
0.052 | 0.064 | 0.078 | 0.094 0.112 
(0.053 | 0.065 0.079 0.095 0.114 
|0.054 0.066 0.080 |0.097 | 0.116 


1 700, 1750 


0.109 0.128 | 0.149 0.173 
0.112 0.131 
(0.114) 0.134 0.157) 0.182 
0.117) 0.138) 0.161 
0.120 0.141 
0.122 0.144 0.168 0.195 
0.125 0.147 | 0.171 | 0.199 
0.127 | 0.150 0.175) 0.203 


0.137 0.161, 0.188 0.217 


before and after the diffu- 
1850 sion cycle, is 0.60 — 1.05 — 
-— 57% (a figure for C/C,). 
The carbon increase at the 
surface during carburiza- 
tion, plotted at B on Fig. 12, 
page 272, would be reduced 
to point A during diffusion. 
The final carburization 
gradient after diffusion may 
then be represented by the 
straight line AD, where D 
represents 100% of the 
eventual case depth (speci- 
fied as 0.150 in.). The area 
under AD is the total added 
carbon. 

Since the total added 
carbon must come into the 
steel during the carburizing 
cycle, the conditions at the 
end of the carburizing cycle 
are represented by the line 
BC, and since the area BOC 
must equal the area AOD, 


1800 


0.048 | 0.056 


0.105 


0.113) 0.132 


0.153 0.178 


0.186 
0.164 0.190 


0.130 0.153) 0.178) 0.206 angle OBC equals angle 
0.134 0.158 0.185 0.214 


case depth at the end of 
carburizing, and is evidently 
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57% of OD or 57% of 0.150 in., that is 0.086 in. 

The carburizing time, then, is one that will 
produce a depth of 0.086 in. at 1700° F., and this 
is found in Table V as 12 hr. 


~ 


| 


Diffusion time, also at 1700° F.. 72 
is computed from the principle 
that case depth varies as the 80 
square root of time in hours, 
as shown by the % time fig- x 60 
ures along the horizontal axis Ole 
of Fig. 12. Carburizing time 
‘on this run (12 hr.) will be 40 
about 33% of the total; sub- 
sequent diffusion will be 67% 20 
or 24 hr. 

A check on the total ot 
time, carburizing cycle %CeseZDepth:O 
plus diffusion cycle, is % Time: O 


(0.150 — 0.025)2 — 36 
hr., since C.D. for 1 hr. 
is 0.025, and C.D. varies 
as the square root of time 


perature. 


Likewise the reverse of the carburizing 
mechanism occurs during a heating which decar- 


Fig. 12- 


Cycle 


see equation (3). 

The general principles expounded here may 
be extended to other conditions, such as a diffu- 
sion cycle in a neutral atmosphere at a higher 
or lower temperature than the carburizing tem- 


8O 100 
1 4 9 16 2 3649 6&4 81 100 


~- Carburizing-Diff using 
for 100C/C. = 57 


discussed here. 


burizes steel. In that event it is nec: 
know the carbon content in the stee! that 
equilibrium with the furnace atmosphere 
given temperature. 
of Table V 


depths on steels of unify, 


al 


ary first 


+ 


would then 
applicable to decarburiy, 


carbon concentration. 


Conclusion 


The 


purpose of 
rather lengthy article sh 
not be regarded as to est) 
lish saturated austenite \ 
ues, or to derive concis 
diffusion constants: rath: 
it proposes, from a con 
mercial carburizing test, | 
establish a standard for |: 
control 


and evaluation 
‘arburizing procedures. The attainment of | 
mal carburizing conditions is not difficull, a 
the evaluation of such operations need not & 
Table V and Fig. 12, 
-arburizing-diffusion cycles of carbon in s| 


are included to demonstrate the applicability 


th 


covering 


ee 


the case depth and carbon gradient derivations | 
practical carburizing problems and cycles. 
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Hardness Tests 


ERE are a few remarks on the mechanical 
ispects of hardness testing which may be of 
ie today to the neweomer, or the old hand 
is forgetful: 
|. Brinell Testing. Since the hardness num- 
in a true Brinell test (BHN) is found by 
easuring the diameter of the ball impression 
ler removing the load, the quality of the support 
‘very little if any effect on the BHN if the ball 
iree to follow up the test piece as required. 
il is, the piece may yield or deflect, it may 
‘ton rubber or a spring, and the result will be 
e same if the full load can be applied. Most 
nell machines are operated by a direct-acting 
lraulie press and have a fairly large travel of 
¢ ball, so the ball will follow the work, and if 
load is actually applied to the ball, the impres- 
n gives a good BHN. 
ll. The Direct-Reading “Brinell” machine 
pends usually on a depth gage, the number 
resenting the hardness being read off the dial 
Therefore, the piece must 
‘deflect; if so the deflection will influence the 
reading. Firm support directly under the 
‘ Spotl is required. However, most machines 
this type divide the total load of 3000 kg. into 
parts, « pre-load or “seating” load, and then 
load which actuates the dial; the pre-load 
usually break down scale or dirt between the 
port and the test piece. 
Note that, since the total load is usually 


hile the load is on. 


" kg., the impression diameter can later be 
dunder » lass to give a true BHN. 

UL. Rockwell. Here the hardness number is 
a fron) a depth-gage dial, but after remov- 
loa 


rhe pre-load, however, is only 10 


kg., so there is not much force to seat the test 
piece firmly on the support block; hence clean 
metal-to-metal contact must be provided. But, 
since the dial is read after removing the load, a 
considerable elastic motion of the work is toler- 
able. That is, we may test satisfactorily on 
bridge supports and indeed this is often the 
best way of holding irregular work for Rockwell 
testing. This kind of support would not be satis- 
factory for direct-reading “Brinell” testing. 

IV. Carbide Balls. It might be in order to 
remind our public of the usefulness of tungsten 
carbide balls, rather than steel balls, when the 
hardness range is above, say, 500 BHN. Carbide 
balls will last much longer, being harder; having 
a higher modulus of elasticity, they give slightly 
smaller impressions at high hardnesses than steel 
balls, but correlation is easy——see the Metal 
Progress data sheet showing the work of Scott 
and Gray (October 1941, page 524). Carbide balls 
are especially worthy of consideration today when 
imported Brinell balls cannot be had. 

By using a carbide ball on a Brinell or direct- 
reading “Brinell” type of tester, hardness tests 
may be made faster and with less surface prepara- 
tion than by Rockwell testing in the range up to 


Rockwell C-60. 
METALLURGICUS 


Quick Action Quench Jet 
for Jominy Test 


N CONSTRUCTING a pair of Jominy end- 

quench test-rigs for Australian firms the main 
difficulty was in connection with the height of the 
unimpeded water jet, since the use of a pump 
and valve tended to build up pressure to give a 
higher column of water at the commencement of 
the test. A constant level water supply tank 
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seemed simpler. Later, instead of a quick open- 
ing valve, a disk 1% in. in diameter was sub- 
stituted for the valve. Prior to operations the 
water jet is adjusted to the correct height and the 
disk, on a pivot arm, swung in a horizontal plane 
midway between the end of the pipe and speci- 
men’s position over the jet. When the heated 
specimen is inserted in the holder the disk is 
swung out of the way for the duration of the test. 
Quick action is had by attaching a spiral spring 
to the side of the disk and latching the latter in 
place to impede the jet. Tripping the latch then 
allows the spring to jerk the disk to one side, and 
quenching starts. 

Over a series of tests the water may continue 
to flow undisturbed, spraying either the test speci- 
men or the disk. (Jack R. ALLsop, Instructor in 
Metallurgy, School of Mines and _ Industries, 
Ballarat, Victoria.) 


Makes Disks, Seats and 
Inspects Automatically 


MACHINE that does the work of approxi- 
mately 75 persons has been developed by 
engineers of Aluminum Seal Co., New Kensington, 
Pa., for use in government arsenals. Called a 
“foil disk assembly machine”, the unit is 
employed on loading lines for seating foil disks 
in detonator cups. Previously, disk seating was 
a laborious hand operation. The tiny foil disks, 
which measure less than 0.25 in. in diameter, 
were gaged by a micrometer to insure that only 
one disk went into a cup, placed by tweezers in 
the cups, and seated with a small hand press. 
In the new machine the detonator cups are 
placed in the hopper shown at the top of the 
photograph, from where they pass automatically, 
right side up, into a feed chute to a punch which 
transfers the cups, five at a time, into a seating 
block on an intermittent turret wheel. The 
turret carries the cups past a die which blanks 
out the foil disks and pushes them to the bottom 
of the cups. The foil is coated on one side with a 
thermo-plastic adhesive, and is fed automatically 
past the punch and die. A vacuum shoe holds the 
disks to the seating block, and permits the punch 
to return to its original position without carrying 
the disk along with it. Further revolution of the 
turret takes the detonators to a station where a 
little heat seals the disks into the bottom. 
After seating, the detonator cups pass to the 
next station where they are released and drop into 
an automatic inspection unit. At this point the 
cups are pulled out of the inspection turret by 


Operator Examines Foil Container in Foi 
Disk Assembly and Inspection Machine 


vacuum, to drop into a bin below. In the « 
that the disks are not properly seated the 
are not ejected by the vacuum plunger bu! 
carried around in the turret to a reject box 
Besides materially speeding the opera! 
the new machine eliminates one of its 
hazards. Sealing by thermo-plastic insures 
fect adherence and prevents the powder ! 
seeping underneath the disk. A marked deen 


is noted in the number of cups rejected for® 
reason. (W.S. McArp.e, Publicity Bureau, ™ 


minum Co. of America.) 


Pre-Treatment of 


Copper-Lead Bearings 


T IS DESIRABLE to have a thin layer or 


of lead on the bearing surfaces of copper 


bushes, to facilitate ease of “running ™. 


lead acts as a lubricant in the first running : , 
engine, and during the bedding-down ° 


crankshaft. This layer of lead is usually obt® 
by dissolving away the copper a! the suriac 
the bearing, leaving the lead standing P™ 


for 
The most common reagents em| yyed 10 
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ess are chromic or sulphuric acids, which 
ve decided disadvantages in use. For example, 
B. are messy to work with, the etching nor- 
ily having to be carried out hot; the acids 


. ack the steel backing of the shell; and hydro- 
js evolved during the process. 

, These disadvantages can be overcome, how- 
J er, by use of an alkaline solution composed of 


trichloracetic acid, 20% water and 60% con- 
mirated ammonia. This alkaline bath is used 
id and can dissolve 0.001 in. of copper from 
rface of a copper-lead bush in 6 to 7 min. 

The lead is only very slightly attacked by the 
lution, and after immersion the surface of the 
ish has a light gray matte appearance. The 
] shell is not etched, the surface finish is 
aintained, and pitting is avoided. (C. W. 
hwxins, Metallurgist, Albion Motors, Ltd., Glas- 
bw, Scotland.) 


Observation Disk for 
Microscopic Examinations 


DOUTINE microscopic examinations of diversi- 
fied nature are greatly facilitated by adapting 
ie metalloscope so it projects the image upon a 


a nveniently located observation disk. Details of 

pastruction and assembly are simple, as is evi- 
_ ent from the accompanying photograph. A right 
. ngle prism is fitted over the conventional 
“ nocular eyepiece, and directs the image to an 
" djustable horizontal disk of white enameled 
ial eel. The prism attachment may be shop con- 


tructed or purchased from an optical company. 
he disk assembly was constructed from odds 


and ends found about the work shop; two tele- 
scopic tubes support the disk and provide for 
vertical adjustment. This adjustment, in con- 
junction with the proper combination of objective 
and ocular, provides a wide range of magnifica- 
tions. For best results the metalloscope should 
be equipped with electric arc and prism-type 
vertical illuminator, and in a darkened room. 

With the arrangement described, as many as 
1200 consecutive measurements of decarburiza- 
tion or grain size are being made daily without 
eyestrain or other discomforts which generally 
accompany prolonged observations made in the 
conventional manner. (C. D. Foutke, Research 
Metallurgist, Weirton Steel Co.) 


Quick Test for Manganese in Steel 


TEST which we have found handy in spoiting 
toolsteels (one with manganese about 1.50 
and another about 0.30%) is based on the same 
reactions as the tests recommended in May Metal 
Progress, page 746, but with different procedure. 
It is based on the oxidation of manganese in the 
steel to the permanganate ion with its character- 
istic purple color; the oxidizing agent is ammo- 
nium persulphate with a small amount of a silver 
salt as a catalyst. The larger the amount of 
manganese in the steel, the deeper is the purple 
color of the resulting solution. A set of color 
standards for various manganese contents can be 
made up from dilute potassium permanganate. 

The test is conducted as follows: 

1. A small piece of filter paper is placed on 
the clean steel surface and three drops of 1-to-l 
nitric acid are dropped on it. After 
reaction ceases the filter paper is 
rolled onto a glass stirring rod and 
transferred to a pyrex test tube. 

2. Five ml. distilled water are 
placed in the test tube, with a few 
drops of concentrated sulphuric acid. 

3. The solution is brought to a 
boil, five drops of silver nitrate solu- 
tion (8 g. AgNO, per 1.) are then 
added, and the solution is again 
heated to boiling. 

4. Ten drops of ammonium per- 
sulphate solution (30 g. per 100 1.) 
are now added to the test tube and 
the solution brought to a boil for 
about 30 sec., until the purple color 
develops. (R. G. Townsenpn, Chief 
Chemist, Metallurgical Department, 
Jones & Lamson Machine Co.) 
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Due to the fact that, up to very 
recent years, production of alu- 
minum ingot, its alloying and 
rolling was in the hands of a 


single producer, details of these 
operations and equipment for 
them have not been publicized. 
The following article, therefore, 


is believed to be nique 

first entrance into an impor 
field, whose interest yj 
doubtedly widen in the jy 


MELTING, ALLOYING, 


HEATING 


ALUMINUM AND ALLOY INGOT 


By R. R. 


Manager, Special 


LaPELLE 


Furnace Division, Dempsey Industrial Furnace ( 


HE PURPOSE of this paper is to describe in 

a very brief way the equipment and methods 
used in melting, alloying, casting and heating 
the high strength aluminum alloys. Many varia- 
tions of the methods outlined are practiced for 
specific purposes, but in general the methods 
used are those discussed herein. It is hoped that 
this article will serve as an aid to anyone who is 
not familiar with the art, and who is called upon 
to carry out these processes. 


Melting 


Aluminum metal is produced in the primary 
production plants from bauxite ore which has 
first been converted to alumina (Al,O,) by chem- 
ical treatment. The highly purified alumina is 
then fed into a bath of molten flux in an elec- 
trolytic cell at a temperature well above the 
melting point of aluminum. The aluminum metal 
liberated by electrolysis is ladled out and cast 
into pigs of virgin aluminum which form the raw 
material for the foundry or cast house. 

In some cases the material received by the 
user-—particularly the foundryman— has 
already had the necessary alloying elements added 
to it, in which case the problem requires only 
remelting and casting into the desired molds. 
Such metal is then usually remelted in small pots, 
frequently of the tilting or nose-pouring type. 
These furnaces consist of a steel shell, a refrac- 


tory lining, a means of supplying heat (us 
gas or oil burners) and a cast iron pot o1 
tainer for the charge. 

After the metal has been melted, it is !l 
either by bubbling chlorine gas through the |! 
or by using a powdered flux which is ins 
below the surface of the liquid. If grain-re! 
such as calcium are to be used they ar 
added to the molten charge at this time. 

Melted metal is then poured into small ! 
ladles and thence into the molds, in the cas 
sand castings, or into the special holding 
die casting machines or pressure ¢: 
machines. Any scrap resulting from the m 
operations may be remelted in the pot ly) 
crucible furnaces where the volume remel! 
small. In large operations the scrap is Us 
remelted in a reverberatory furnace as des 
hereafter. 


is 


Reverberatory Furnace Design 


Reverberatory furnaces consis! essential) 
a structural steel housing lined with refrac 
brick, and heated by oil or gas b inners fi 
above the bath level, or coke in a fire box 


. hridge W 
at one end of the chamber behind « bridg' | 


Figure 1 is a general drawing 0! 
reverberatory aluminum melting 
Fig. 2 (page 278) shows a coke-'! 

In these furnaces melting takes 


rnace, 


ace dire 
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n the brick hearth and a considerable quantity 


in one end, known as the 


“melting chamber 


and 


f mollen metal can be obtained at one time. the major part of the dross removed. The puri- 
Standard size furnaces of this character hold fied metal is then transferred to the other end, 
10.000, 20,000, 25,000 or 35,000 Ib. of metal. known as the “refining chamber”, fluxed and 

Where the metal comes to the furnace finally purified. Metal may be cast from the 
already alloyed, or where continuous casting refining chamber while a second charge is being 
seems desirable, it is convenient to arrange for melted down in the melting chamber. If desired, 


continuous operation. This is accomplished by 
the furnace hearth into two separate 
controlled 


dividing 
chambers by a refractory wall, 


for final purification. 


Metal 


alloying may be done in the melting chamber and 
the alloyed metal then transferred to the refining 
chamber 


may be 


by its own burners. The metal is melted down transferred by ladle, or directly by a syphon. 
», 1 General Plan and Sections of Oil-Fired Reverberatory Furnace for Melting Aluminum Pig and Alloys 
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Fuels 


One of the evils to which molten aluminum is 
subject is the absorption of hydrogen. Hydrogen 
causes voids, blowholes and generally porous 
‘astings. This is the necessity for chlorination 
and fluxing, since both of these methods contrib- 
ute to the removal of absorbed hydrogen. 

This tendency of aluminum to absorb hydro- 
gen is influenced to some extent by the amount 
of hydrogen or water vapor in the furnace atmos- 
phere. Those fuels whose products of combus- 
tion contain the least hydrogen, either molecular 
or combined, are therefore preferred. Of the 
fuels available, dry coke in dry air produces prac- 
tically hydrogen-free products of combustion. 
Oil burns to gases containing considerably more 
hydrogen, and gas, either natural or artificial, 
burns to products of combustion having the 
greatest amount of hydrogen. For metallurgical 
reasons alone, therefore, coke is generally pre- 
ferred, with oil as second choice and natural gas 
as third choice. 

Unfortunately the choice of fuels can seldom 
be made on purely metallurgical grounds. The 
use of coke involves considerable expense in 
storing, handling and drying the fuel, in firing 
the furnaces and in ash handling. These expenses 
are absent with either gas or oil fuel. 

An equally important objection to coke is the 
fact that the melting time is much longer. This 
means that if coke is selected as a fuel, the fur- 


Fig. 2— View of Coke-Fired Melting Furnace From Fire Box End 
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naces must be either of a larger holding capacity 
or more of them must be built. 

A consideration of all of these features, plys 
the local factors of availability and cost of the 
various fuels, leads to different solutions in differ. 
ent places. Most aluminum melting furnaces 
currently being installed in the United States gre 
fired with fuel oil. This is the most workabjp 
compromise; however, entirely satisfactory work 
is being obtained from all three types of firing 


Alloying and Cleaning the Bath 


When melting virgin aluminum, it is neces. 
sary to add the alloying elements, if any, within 
the furnace. For this reason the reverberatory 
should be made as large as possible, having due 
consideration to the total output required from 
the plant as a whole and the type of casting equip- 
ment being employed. The reason for this is 
of course, that the operations of alloying and 
analyzing the bath are practically identical 
regardless of the size of the charge, and since the 
procedure is somewhat laborious it is desirable 
to secure as much properly controlled metal as 
possible with each batch handled. 

The procedure in melting under these condi- 
tions is to charge the furnace with virgin alumi- 
num pig, plus such scrap as may be available, | 
approximately half its nominal capacity. As soon 
as this has been melted down, the remaining 
metal is charged and melted down, and the bath 
skimmed to remove dirt and 
oxide carried in by the meta’ 
melted. (Figure 3 shows th 
flux being removed from the 
cleaning door into a specia! 
flux buggy.) 

All materials entering 
the melt must be of known 
analysis and carefully 
weighed in order that th 
necessary alloying additions 
may be calculated. An addi- 
tion, if in lump form, 's 
fastened to a rabbling rod 
and stirred into the bath in 
much the manner in which 
a lump of sugar on a te 
spoon is stirred into a ¢lp 
of coffee. Smaller pieces a 
sasily handled in baskets ! 
perforated iron. Magnesit™ 
pig, which is lighter than 
aluminum, mus! be held 
below the surface ull 
melted, to preven! | xidation 
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Alloving elements are generally added in the 
form of “hardeners” — alloys of aluminum and 
the metal being added —- commonly of the follow- 


ing composilions: 


HARDENING ELEMENT COMPOSITION 


Copper 20% copper-aluminum 
Manganese 5% manganese-aluminum 
Silicon 12% silicon-aluminum 


Nickel 10% nickel-aluminum 
Magnesium Added as virgin pig 

When all of the hardening elements have 
been dissolved, the metal is rabbled thoroughly 
to insure uniform dispersion to all parts of the 
bath. This rabbling process may take from 15 to 
30 min., or even more, but must be thoroughly 
done. A sample is then withdrawn from the 
bath by a small hand spoon, cast in a metal mold 
into the pieces required for spectrographic and 
chemical analysis. 

Analysis generally requires from 20 to 40 
min., and the bath must be held at fluxing tem- 
perature until the laboratory report is received. 
If ready to go ahead, metal is thoroughly fluxed 
by either chlorine or chloride flux. The pro- 
cedure, when using chlorine gas as a de-hydro- 
genizer, is to insert pipes connected to cylinders 
of chlorine, through the doorways or special 
chlorine openings so that the ends of the pipes 
are below the bath level. The pipes are then 
moved about throughout the molten metal while 
chlorine is bubbled slowly 
through. From 15 to 30 
min. is frequently required 
for this action. 

Where powdered chlo- 
ride flux is used, this is 
usually inclosed in alu- 
minum tubes which are 
inserted below the bath level 
by means of a special end 
tool, as shown in Fig. 4. The 
hot metal promptly dis- 
solves the aluminum tubes 
liberating the chloride pow- 
der below the surface of the 
liquid. Decomposition of 
the flux results in a violent 
agitation of the bath and 
removes the dissolved 
hydrogen, Obviously, where 
lux is used, sufficient must 
be provided to reach all 
parts of the bath in order 
thor: ughly to purify the 


_ Fig. 3 — Pulling Flux From Melted Charge Through Clean-Oul Door Into Small Buggy. 
This furnace is built from plans like Fig, 1; note steel sheathing, burners, and 
opening for chlorine pipe below burner. Cooling hood is for conveyor along wall 


Floxing by either 
met! should be carried 


on at temperatures in the neighborhood of 1275° 
following which the metal must be raised to the 
pouring temperature, generally 1325 to 1350° F., 
as rapidly as possible and the metal poured 
immediately after final skimming. 


Casting Technique 


Where the metal is to be cast, prior to 
movement to some other department for remelt- 
ing in pots, or for shipment outside the plant, 
it is customary to use a mechanized casting device 
known as a mold conveyor. This consists essen- 
tially of traveling chains to which are fastened 
a series of cast iron molds of desired size and 
shape. The conveyor is arranged to pass below 
the pouring spout, up a slope, and over a head 
shaft to dump the metal into a tote box or 
other receiver. Sufficient distance must be allowed 
between the casting point and the head shaft for 
the metal to freeze and partially cool, so it can 
be removed readily from the molds. Figure 5, 
page 281, shows the operation of casting with a 
conveyor type of machine. 

Such casting is almost automatic. The metal 
stream from the furnace is controlled by an 
adjustable plug which fits into the pouring sleeve; 
it is fitted with a hand lever to control the rate of 
flow. External gas burners are often used to keep 
the spout open. After leaving the furnaces the 
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metal flows into a small basin which acts as a 
receiver; it is tilted to pour into each mold as it 
passes beneath. When each mold is full the 
operator simply raises the nose of the basin 
slightly thus stopping the flow until the next 
empty mold comes by. The conveyor moves con- 
tinuously and the operator fills the molds one 
by one as they pass beneath. 

Book Molds — Small ingots, as well as some 


fairly large ones, are frequently cast in “book 


molds”. These are of cast iron, water jacketed, 
and hinged on one side so they may be opened 
like a book to discharge the finished ingot. 

A group of such molds is generally mounted 
on a rotating circular table (or in a stationary 
arc). In the rotary table, or merry-go-round, 
each mold is brought below a runner leading 
from the pouring spout of the furnace and slowly 
filled with metal. Otherwise, the runner itself is 
moved to pour into any one of the molds, The 
runner is generally lined with refractory mate- 
rial, and in most cases externally heated by rib- 
bon type of gas burners. 

When casting ingots in book molds, a further 
refinement is usually introduced, which tilts the 
molds 45° from the horizontal at the start. (This 
prevents splashing of the metal which, if per- 
mitted, would result in frozen droplets of metal 
imbedded in the sides of the ingot, causing imper- 
fections.) As the mold fills it is slowly returned 
to the vertical position until it is seated upright 


Fig. 4 


Introducing a Bundle of Aluminum Tubes 
Containing Powdered Chloride Flux Into the Bath 


at the end of the casting period. After the mo 
has been filled, the continued solidification of jy, 
metal creates shrinkage in the center of the max 
which would result in a piped ingot. ‘To preyep) 
piping, metal is added to the mold by a hang 
ladle until freezing is completed. This require 
the use of a small holding furnace to provide 
molten metal, and the constant presence of , 
skilled workman, 

Direct Casting 
many small ingots and for almost all large ingots 
a “direct casting” process is usually employed 
using a hydraulically operated platform contain. 
ing one or more “heads”. These heads, ip thy 
raised position, meet the bottom of stationary 
water cooled molds or sleeves. It is usual to plac 
sheets of aluminum foil, fitting the heads firmly 
against the stationary molds at the start of th 
process. Molten aluminum is then run from the 
furnace to a distributing head just above the 
stationary molds. From the distributing head ‘! 
passes through adjustable orifices into the sto- 
tionary molds where it immediately begins | 
freeze. After freezing begins the hydraulic equip. 
ment is set in motion, slowly moving the casting 
heads downward away from the stationary 
molds. The speed of travel must be carefully 
adjusted to coincide exactly with the speed o! 
freezing and the rate molten metal is added | 
the stationary mold. With the device jus! 
described, ingots having lengths of 10 ft. or more 

may be readily cast in one piece 

When the head has reached its 

extreme position, the flow o! 
molten metal is of 
stopped, the last portion of meta! 
to reach the stationary mold 
solidifies, and the finished ingo! 
removed preparatory to starting 
the next cycle. Obviously this 's 
a semi-continuous method 0! 
casting. 

Continuous Casting methods 
developed by the Rossi Engineer 
ing Co., are now in use for the 
casting of aluminum ingots 
Operations are somewhat simila! 
to the direct casting of coppe’ 
wire bars, wherein molten meta! 
is held at carefully ¢ ntrolled 
temperature in a pot that has ® 
water cooled spout in its bottom. 
and through which a frozen bat 
of metal moves downward al 4 

be cul 
lly by 
ig thor- 


For the manufacture o 


course 


continuous slow rate, 
into lengths periodic: 
cut-off saw. This proce 
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whly continuous instead of intermittent, as in 
he case of the direct casting process. 


Operating Precautions 


In order to secure a good life from any metal 
sarts in contact with molten aluminum, they 
should preferably be made of cast iron, They 
should further be covered with a tight and uni- 
form coat of French chalk, or hydrated lime. 
rhis wash must be renewed at frequent intervals. 

A similar coating, if applied to the furnace 
brickwork, will greatly increase its life. This is 
true largely because the chalk prevents alumi- 
wm or its oxides from adhering to the brick- 
vork and hence greatly simplifies cleaning the 
furnace. The coating will be lost when the fur- 
nace is cleaned (which should be done not less 
ften than once a week). A spray gun attached 
toa long pipe will be quite satisfactory to re-apply 
the whitewash. 


Homogenizing the Ingots 


In the freezing of the strong aluminum 
illoys the various constituents solidify at slightly 
diferent temperatures. As a result of this, the 
illoy elements tend to segregate in various man- 
ers. If such a badly segregated ingot is hot 
worked by rolling, forging or extrusion, fracture 
is almost certain to result. Like- 
wise, if machining or cold work 
is attempted, the metal is very 
apt to tear or work unevenly. 

The bad effects of this seg- 
regation can be largely elimi- 
nated if the metal is given a heat 
treatment known as homogeniz- 
ing or normalizing, consisting of 
heating it to a temperature just 
under the melting point of the 
lowest melting constituent and 
holding it there for 6 to 10 hr., 
depending on the ingot size and 
analysis. Cooling may be done 
in any convenient way, since 
ingots are usually reheated for 
hot work after homogenizing. If 
desired, however, the tempera- 
‘ure may be dropped immedi- 
ately after the soaking cycle to 
the rolling or forging tempera- 
lure, generally 100° or so lower, 
and hot worked immediately 
after th ingot has reached this 
temperature throughout. 


Fig. 5 


Homogenizing is generally carried out in 
electric, gas, or oil-fired recirculating furnaces. 
Temperature uniformity is quite important, and 
a large volume of recirculated air produces the 
best possible conditions. Control of atmosphere’s 
composition is not especially important, since 
most ingots to be rolled or forged will be scalped 
following homogenizing, and ordinary hot air 
does not cause any deep-seated oxidation. (Billets 
which are to be extruded generally do not even 
require scalping.) Figure 6, page 282, shows a 
recirculating furnace, suitable for homogenizing. 

Homogenizing temperatures in the metal 
itself range from 925 to 960° F. for various analy- 
ses in common use. Cycles depend, of course, on 
the size billet being handled, but range from 12 
to 22 hr. for the usual sizes used for forging and 
rolling purposes. 

In spite of all that can be accomplished 
through homogenizing treatments, a certain 
amount of extreme segregation still exists near 
the surfaces of large aluminum alloy ingots. This 
“skin effect” must be eliminated before accept- 
able sheet or bar can be produced, suitable for 
aircraft work. This can be done by milling or 
planing the surfaces, known as “scalping”. It 
is important to scalp after, instead of before, the 
homogenizing treatment, as otherwise defects are 
developed in the ingot surface which persist 
throughout the rolling or forging operations. 


Casting Pigs in a Continuous Chain of Molds 
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Scalping can be done in any suitable planer 
or large milling machine. However, special auto- 
matic machines are usually installed to reduce 
the labor to a minimum, and speed the operation. 


Preheating; Cladding; Annealing 


After scalping the ingots are heated for roll- 
ing, forging or extruding in a recirculating type 
of preheating furnace, usually of the continuous 
conveyor type, fired with gas, oil or electricity. 
Temperature uniformity is important, as_ the 
working range is narrow; the metal is both hot- 
short and cold-short. In other words, the work- 
ing range is only about 80° F. on the usuai alloys. 
Naturally, it is desirable to begin working at the 
extreme upper end of this range, in order to do 
the maximum amount of work; at the same time, 
the safe temperature must never be exceeded, as 
this would ruin the piece. 

Aluminum alloys which are to be used in 
thin sections, such as aircraft sheets, are usually 
given a coating of pure aluminum to prevent 
corrosion. Such composite material is called 
“Alclad” and “Pureclad” by the two principal 
American manufacturers. 

Cladding is applied after the initial break- 
down rolling and scarfing. A sheet of pure alu- 
minum, usually about 4 in. thick, is placed on 
each surface of the slab and bound in place by 
steel strapping; this “sandwich” goes through the 
reheating furnace, and then to the rolling mill. 

Just before the slab enters the rolls, the steel 
straps are removed, and the sandwich rolled as 
one unit. Under the heavy pressure, the pure 
aluminum welds to the aluminum alloy slab, and 
further reduction is carried out in the usual way. 


The sheet finally resulting will have a pure gip. 
minum coating, very tightly bound over 4 
entire area, of the same relative thickness as the 
sheet bore to the original alloy slab. 

After hot working has been carried to 
economic limits, it may be desirable to furthe 
reduce the aluminum bar, rod or sheet, by oy 
working. This is done in conventional rolling 
mills or draw benches, as may be indicated ) 
the product desired. . 

To permit very much cold work, annealing 
will be required. Additional intermediate anneak 
may also be required during the cold working 
process. This annealing is carried out, at tem. 
peratures ranging from 650 to 750° F., in batg 
type recirculating annealing furnaces, fired with 
either oil, gas or electricity (with gas preferred 
because of its greater ease of control and lowe 
cost). The furnaces are usually of the car @ 
tray-and-dolly type, very similar to the units used 
for homogenizing. 

As with all aluminum work, uniformity is 
extremely important, and for this reason recites: 
lating type furnaces are universally employed 
Uniformity of 5 to 742° F. is commonly obtained 


Conclusion 


It is hoped that the foregoing brief outline 
of melting, casting, preheating and annealing wil 
be of service to those handling aluminum alloy 
for the first time. No attempt has been made! 
go into the various operations in great detail, or 
to describe all of the variations practiced in spe 
cial cases, but it is felt that a bird's-eye survey 
might have value at this time of so much activi} 
in this particular field. x 


Fig. 6 — Recirculating Type of Furnace for Homogenizing or Reheating Ingots and Slabs of Aluminum A! 
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Suggestions on salt bath operation 


ee Information supplied by an Industrial Publication 


Properly used, the salt bath is a very effective 

@ Jemeans of preventing decarburization of high speed, 

arbon, and alloy steels during heat treatment. The 

ill following suggestions are offered as an aid to 
tiective high speed tool steel heat treatment. 

1. Clean work thoroughly. 2. Immerse in a pre- 
heat salt at 1S00-1650° F. 3. Transfer to high heat 
bath at 2150-2250° F. 4. Immerse in quench bath 
pt 1100-1200° F. After cooling to room temper- 
ature, wash in a hot alkaline cleaner, then reheat 
in salt to 1100° F. 

To secure maximum pot life, (up to 3 years) use 
salts that are chemically neutral with refractory 


wen FURNISHES AUTHORITATIVE ENGINEERING 
ATA ON MOLYBDENUM APPLICATIONS. 


Clim 1 


Fil 
ade 


pots, and desludge bath periodically. Molten salt 
seals off all atmosphere, therefore decarburization, 
carburization, pitting, etching, or other surface 
defects can be avoided by using a suitable chloride 
salt and adding an acid rectifier. Several prepa- 
rations are available containing rectifiers. 

Adequate circulation in the bath is necessary 
to insure uniform temperature and prevent over- 
shooting. Externally heated pots are not practical 
at high temperatures, so internally heated elec- 
trode baths, preferably with automatic, or elec- 
tromotive, circulation are regarded as the most 
effective for mass production. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED 
FERROMOLYBDENUM « “CALCIUM MOLYBDATE” 
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RayMOND E. GLENN @, formerly 
metallurgist, American Steel & Wire 
Co., Cleveland, is now metallurgical 
sales engineer, A. F. Holden Co., 
Detroit. 


PERSONALS 


Elected to membership on the 
executive committee of the Amer- 
ican Society for Testing Materials: 
F. G. TaTNALL, manager, testing 
equipment department, Baldwin- 
Southwark Division, The Baldwin 


Promoted: Frank L. Wricut @, 
from chief metallurgist, Norma- 
Hoffman Bearings Corp., Stamford, 
Conn., to manager of research. 


Frep J. Woop @, formerly in the 


Locomotive Works, Philadelphia, Detroit office of Jessop Steel Co., 
chairman of the Philadelphia Chap- has been appointed district man- 
ter ©. ager in Toronto. 


From Coast. -- To Coast 


The Talk of the Machine Shops Wherever 
-6-2 Tu n 
carbon, 


chrome, air hard- 

ening bar steel 
and castings. 

For over 105 years we 

have served the industry 

and we are proud of it. 
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Francis C. Frany @, director y 
research, Aluminum Co. of Americ 
Pittsburgh, has been named hen 
orary chairman of the 106) om 
vention of the American Chem 
Society, to be held in Pittsburg 
Sept. 6 to 10. 


Nominated as a manager by 9, 
American Society of Mechanic 
Engineers: Samuet H. 
fessor and head of mechanical eng 
neering, Oregon State Colleg 
Corvallis, Ore., and a past chaj 
man, Oregon Chapter 6. 


R. Varney @ 
resigned as metallurgist and depa 
ment superintendent of the Tay 
Wharton Iron and Steel Co., East 
Pa., to accept a commission 
lieutenant in the United Stat 
Naval Reserve. 


H. McCarr @ is 
associated with Cook Heat Treating 
Corp., Los Angeles, working 

metallurgical and personnel prob 
lems. 


Frank A. McCurntock @, MS 
in mechanical engineering, Mass 
chusetts Institute of Technology 

now working as a junior mecha 
ical engineer in the research di 

sion of United Aircraft Gory 
Hartford, Conn. 


GreorGe S. McFar.anp @ has 
tired from active business and 
making his home in Coventry, | 


A. Gorton ©@, former 
with the Standard Oil Developm 
Co., is now in the metallurg 
department of the Dodge Chicas 
Plant, Chrysler Corp., Chicago. 


Peter F. Lancan @, former 
assistant works manager, Sprig 
field Machine and Foundry | 
Springfield, Mass., is now supe” 
tendent of the Precision Engine 
ing Co., Feeding Hills, Mass. 


Joun E. Wacker @, forme 
rod and wire mill metallurgist wil 
the Pittsburgh Stee! Co. is 20% 
ensign in the United States Na 
Reserve, stationed al Annapolis, ¥ 


ArTHUR M. Morcan @ 53s bet 
made vice-president and gene 
sales manager for L«(robe Electr 
Steel Co., Latrobe, 


2 
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Evening is about his only 
chance to telephone 
home. He can get through 
easier if the wires aren't 
crowded —and his calls 
mean so much to him 


and the home folks. So 


please don’t call Long 


Distance between 7 P.M. 


and 10 p.m. unless your 


calls are really necessary. 


Many thanks. 


BELL 
TELEPHONE 
SYSTEM 
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PERSONALS 


Water Bonsack @, chief metal- 
lurgist and director of research 
laboratories, the National Smelting 
Co., Cleveland, has been awarded 
the 1943 Dudley Medal of the Amer- 
ican Society for Testing Materials 
in recognition of a technical paper 
of outstanding merit and original 
research. 


GLENN Sowpers @, formerly 
with Massachusetts Steel Treating 
Corp., Worcester, Mass., is now in 
charge of heat treating, Illinois 
Division, Bendix Aviation Corp., 
Chicago. 


Ensign MIcHAEL LARINOFF, 
U.S.N.R., @, is serving as an engi- 
neering officer of a motor torpedo 
boat base. 


C. B. McLauGHLIN @ now repre- 
sents Tube Turns, Inc. of Louisville, 
Ky., in the Pittsburgh office. 


metal problem. . . 


DEPARTMENT MP-8 


--and like commandos, given 
those jobs that require “the best!” 


For those assignments where service conditions are known to be unusu- 
ally severe, or where they carry the unknown “X-value” of stress that 
cannot be exactly figured, British Commandos and American Rangers 
are chosen in warfare. For those same assignments in war equipment, 
Ampco Metal is the usual choice of design or operating engineers. 

This special bronze alloy, like those special shock troops, has estab- 
lished a splendid reputation for delivering more than is expected of it. 
For a combination of high strength, exceptional life through resistance to 
wear, high fatigue strength, and general all-around versatile performance, 
Ampco Metal is without equal in the bronze alloy field. It plays a part in 
the construction of most aircraft, heavy ordnance, heavy machinery and 
machine tools. Put Ampco Metal to service in your equipment where parts 
are failing, and gain the satisfaction of solving a difficult 
. Ask for ‘‘File 41’ — Engineering Data 
Sheets that give case histories and technical data. It's free. 


AMPCO METAL, INC. 


MILWAUKEE 4, WISCONSIN 


HAROLD SMALLEN forme 
assistant metallurgist, Saginas 
Steering Gear Division Of Gene 
Motors Machine Gun Plant, is » 
an ensign in the United States C 
Reserve. 


Epwarp N. Case ©. forme: 
with A. F. Holden Co., is noy 4, 
of metal trades laboratory, Stans, 
Research Laboratories, 
Cyanamid Co. 


America 


NicHoLas W. @ is 
resident inspector, Twin Di, 
Clutch Co., Rockford, I, 


RALPH W. Rogers, Jr, 6 ts 
been transferred from the Ne 
Kensington to the Cressona, py 
works of Aluminum Co. of Amerie 
where he is serving as extrusiq 
division metallurgist. 


James N. Nutt, Jn. @ is en 
ployed as junior metallurgist in th 
metallurgical laboratories of th 
Wright Aeronautical Corp, at Cis 
cinnati, Ohio. 


R. I. GARDNER @ has resigned w 
chief engineer for the Eastman lp 
strument Co., Denver, to work 
for the Ryan Aeronautical Co., Sa 
Diego, Calif., in the manifold de 
partment. 


SeyMouR SCHWARTZ @, former! 
assistant process engineer at Rya 
Aeronautical Co., is now with Inter 
state Aircraft and Engineering 
as process engineer. 


Sam Tour @ of Lucius Pitkin 
Inc., has been made manager of the 
new Minerals Division of Bariun 
Stainless Steel Corp. 


James R. @, 
foundry engineer and staff assis 
ant, Columbia Steel Co., Pittsburg 
Calif., is now working for Battel! 
Memorial Institute, Columbus, 0 
as a research engineer. 


former! 


Cart Wesset @, consulting me! 
allurgical engineer, formerly ™* 
ager of the metals division, Georg 
W. Borg Corp., Chicago, has ope®*’ 
a new shop in Chicago for instruct 
ing licensees on the “Wessel grav" 
die casting system”. 


H. P. BiGLen @, assistant to the 
president, Connors Stee! Co., 
Birmingham, Ala., has 
a member of the Rai! Steel wil 
Industry Advisory mmiltee 
W.P.B. 
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Here’s a helpful 
New Book on 
Industrial Radiography 
which we shall be glad 
to mail you 


‘Xtrusiog 


is em 
ot in the 
of the 
at Cip- 


CONTENTS 


Industrial Radiography 

X-rays and Gamma Rays 

The Radiograph 

General Physical Considerations 
Intensifying Screens 

X-ray Films and Their Uses 
Exposure 

Processing 

Processing Room 

Viewing Radiographs 
Protection | 
Unsatisfactory Radiographs 
Bibliography 
Appendix ]—Characteristic Curves 
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The above table of contents outlines the scope of this 
new Kodak book on industrial radiography . . . and also 
nat indicates that most of its emphasis is naturally on films, 
org and their exposure and processing. Based upon informa- 
tion supplied by the research and technical workers who 
vity have produced Kodak’s line of industrial x-ray films, 

processing chemicals, and accessories, the book will be 
the helpful toward their most effective use. For your free 
copy, write to 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester, N. Y. 
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PERSONALS 


Sam Tour @, vice-president and 
chemical and metailurgical engineer 
in charge of the engineering depart- 
ments of Lucius Pitkin, Inc., New 
York, has organized Sam Tour and 
Co., Inc., to take over operation of 
the metallurgical laboratories estab- 
lished by him in the Pitkin organ- 
ization. 


Roy Erwin Swirt @, formerly 
instructor of metallurgy for the 
School of Mines, University of 
Alaska, has been appointed asso- 
ciate professor of chemistry for the 
same institution. 


Transferred by Carnegie-Illinois 
Steel Corp.: R. K. Bowpen @, to 
Pittsburgh as director of quality 
control, research and technology 
department. L. J. Ron, @, formerly 
assistant manager, succeeds Mr. 
Bowden as manager of the Chicago 
district metallurgical department. 


RALO 


HIGH ALLOY 


ASTINGS 


We have all the modern facili- 
ties necessary to produce 
chrome-iron and chrome-nickel 
castings. We also have the ex- 
perience to help in the selection 
of the alloying elements and to 
turn out sound castings. 


So, when your equipment is try- 
ing to carry on under difficult 
conditions of corrosion, high 
temperatures and abrasion, do 
three things: 


Weight ...about 12 pounds per link 
. sconsider the use of chome- 
oN iron or chrome-nickel cast- 

ings alloyed to meet your 

special conditions. 


2. use centrifugal castings, if 
possible; they have denser, 
stronger, more uniform 
metal. 


3. *come to DURALOY. 


Do these thtee things and we 
are quite sure your parts re- 
placement problems will be 


Weight... about 8,000 pounds solved. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
Eastern Office: 12 East dist St.. New York 17, N. Y. 
Detroit Kilsby & Graham 
The Duraloy Co. of Detroit STD. OIL BLDG., LOS ANGELES 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 
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Seranton, Pa. 
Coffin & Smith 


8-DU-3 


S. HANKs @ has resigned 
his position as senior engineer yw, 
Remington Arms Co. Denver, Col 
to accept a commission as om, 
in the Ordnance Department o th 
U. S. Naval Reserve. stationed et 
porarily at the Navy Yard ip Wash. 
ington, D. C. 


ArTHUR E. Core @, former 
with Van Norman Machine 7 
Co., is now with the Reda Mfg | 
of Springfield, Mass. 


Wayne S. Cotmery ©. former) 
metallurgist with National Tube ¢ 
Ellwood Works, is now chief met 
lurgist, Pacific Tube Co., Los 4» 
geles. 


BLave @, formerly chie 
engineer, Spring Division of Joby 
Chatillon & Sons, New York, is nox 
industrial engineer, Henry Mill ¢ 
Timber Corp., Tacoma, Wash. 


JaMES R. ApaMs @ has been 
pointed general superintendent 
the Midvale Co. 


JoHN A. former! 
with Brown Instrument Co., is nov 
affiliated with the Sperry Gyrosco; 
Co. Research Laboratories, Garé 
City, N. Y., doing engineering wor 
on aircraft instruments. 


J. L. WaIsMAn @, formerly me! 
allurgist at the Berwick plant 
American Car and Foundry Co., is 
now metallurgist for the Chicag 
plant of the Douglas Aircraft | 


CLARENCE E, Levor @, 2 recet 
graduate of Colorado School o 
Mines, has been appointed to the 
staff of Battelle Memorial Institute 
assigned to research on high tem 
perature properties of metals. 


J. Hassrovck Witson @, 
merly with J. C. Joyce and Asse 
ciates, South Gate, Calif., is 0¥ 
engineer, Advance Too! Engineet 
ing Co., Los Angeles. 


E_mer GAMMETER, past chair 
man, Chicago Chapter @, bas ™ 
signed his position as manager 
the stainless steel bureau, Chicas 
District Metallurgical Division, 
negie-Illinois Steel Corp., to becom 
chief metallurgist of Globe Stee 
Tubes, Milwaukee. Russet B 
@, formerly contact rome 
sentative, succeeds M Gammete! 
as manager of the » sinless stee! 
bureau. 
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The Emphasis is on Saving 


Mallory Tips Help Save 


Man Hours and Machinery in 


Spot Welding the P-40 


Spot welding saved all these 
rivets which would normally 
be required to assemble the 
Curtiss P-40 belly cowl. 


Thanks to phenomenal advances in machines and 
techniques, aircraft manufacturers have replaced 
slow, costly riveting with speedy, economical spot 
welding. This is true not only of non-structural 
parts such as door and window frames, seats, 
engine and nacelle cowling—but also of primary 
stressed assemblies including floor supports, wing 
ribs and stabilizer leading edges. 


Assembling the Curtiss Warhawk belly cowl, as 
shown in the photograph, is done on a mag- 
netic impulse type of spot welder equipped with 
Mallory long-life electrodes. On many similar jobs, 
a template is laid down and markings made of 
pilot spots where the operator should weld. Use 


P.R.MALLORY & CO. inc 


PHOTOGRAPHS COURTESY CURTISS-WRIGHT CORPORATION 


of spot welding saves man hours and machinery 
by the elimination of drilling and dimpling for 
flush riveting, two separate operations. 


TECHNICAL SUGGESTIONS on specifying 
resistance welding electrodes ...for fabricating 
either ferrous or non-ferrous metals . . . are yours 
for the asking from Mallory. Write us today . 
and if you'd like a free copy of the Mallory Resist- 
ance Welding Data Book for your guidance, just 
mention it in your letter. 


P. R. MALLORY & CO., Inc. 
INDIANAPOLIS, INDIANA . 
Cable Address — PELMALLO 


Standardized 


: M A L L O RT Resistance Welding Electrodes 


FLASH, BUTT, PROJECTION 
WELDING DIES =| HOLDERS 


SPOT WELDING TIPS 


SEAM WELDING ROLLS 
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SPEEDIER PRODUCTION - LESS DOWN TIME - BETTER WELDING - LOWER COST 
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HEALTH ASPECTS OF WELDING 


(Continued from page 253) 
are a serious hazard and require 
special protection, for such fumes 
may produce a pulmonary irritation 
and edema (swellings from trapped 
fluids) resembling in many ways 
the effects from inhaling oxides of 
nitrogen. 

Many other metals have been 
mentioned as injurious — manga- 


nese, chromium, cobalt, copper, tin, 
antimony, magnesium, aluminum, 
tellurium, vanadium, titanium. As 
encountered in welding fumes the 
amounts are usually definitely less 
than those known to have toxic 
effects. Other materials than gases 
or metals may create fume hazards 
through air contamination. These 
may be encountered especially in 


Cyanamid pioneered and for many years has been the sole advocate of 
the two-component type of liquid carburizing baths. Aerocarb and 
Aerocarb Deepcase, more recent developments of our laboratories, 
incorporate in their formulation the knowledge and experience gained 
over more than twenty years of laboratory investigation and industrial 
experience. Only two components can provide the ease of control and 
chemical stability necessary under the difficult conditions encountered 
today in war plants where deeper cases, longer time cycles and smaller 
drag-out losses have resulted in many bath failures. 

Former exponents of single material baths are recommending two 
components for applications in which their standard single material 
had failed under today’s exacting conditions. But two components alone 
are not the solution to liquid bath operating difficulties. Cyanamid’s 
careful selection and preparation of materials and intelligent formu- 
lation are necessary to provide baths that are unmatched in stability of 
bath composition, uniformity of penetration and quality of case. 

Let us prove this statement through the operation of a Cyanamid two- 
component bath in your plant. The experience of a technical staff 
and the facilities of our laboratories are at your disposal to assist 
in the solution of your case hardening and carburizing problems. 


AMERICAN. 


CHEMICAL CORPORATION 


A Unit of American Cyanamid Company 
30 ROCKEFELLER PLAZA - NEW YORK, NL 


* Reg. Pat. OF. 
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repair work on various tanks 
vats; their presence calis for « 
cial ventilation. Such 
sels should always be thoroug 
cleaned, or filled almost complet 
with water to avoid POSsibilit, 
explosion. 
One other source of real hana 
is the presence of fluorides j int 
of the fluxes or rod Coatings 
for aluminum. Hrdrofluoric 
may be formed and the fums 
inhaled in appreciable concer 
tions or for long periods may ca 
considerable irritation to the , 
and throat or pulmonary ede 
To sum up: The real hazards 4 
welding are not many, are gener 
easily identified and protec; 
measures are available and effecting Tp 
when used. Briefly they are dye; 


re\ 
Radiant energy — ultrayi 
and visible light. 
2. Oxides of nitrogen. To 
3. Fumes of lead, cadmium ad are 
zine. bu 
4. Fumes from organic residues 
or wastes. I 
5. Fumes from fluoride-contaix 
ing fluxes and rod coatings. Se 
Welding out of doors or in larg + 
shops seldom results in any seri ait 
air contamination except in th ‘ii 
of lead. In spaces of less than | TI 
cu.ft. and especially inside tanks th 
ship holds, special ventilation bu 
necessary. Usually the exhaust of 
contaminated air is much : 


effective than an attempt to for 
fresh air into the space. OF 
In the case of gases such 
oxides of nitrogen, or the r 
instances of carbon monoxide 
ventilation is maintained from | 
beginning of the operation suffice 


to insure good visibility and , 
insure a comfortable temperatw 4 
there should be no gas hazard & 
in confined spaces. If lead or ¢ 4 
mium fumes are present the 


complete protection is by gas mas 
supplied with a stream of fresh 
under light pressure. 


Briefly, a minimum standard f 
ventilation is one that will be 
ficient to insure good visibility | 
the point of operation, and insuf | 
temperature within a reasonal . 


comfortable limit. In con 
spaces this would cal! for exhaus 
ventilation. In case of lead or ¢ 
mium exposures, air- mass 
are required. No serious hazard 
apt to be present except in confit 
spaces or when lead is 
Ventilation requirements are & 
in more detail in Special Bullet 
No. 5 of the U.S. Departme® it 
Labor, “Control of Welding Hae’ 
in Defense Industries 
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To Help Increase Wartime Production, 
Cities Service Offers All Essential Industries 
A Free Industrial Heat Prover Test! 


This test helps to solve combustion problems, 
reveals how fuel can be conserved, and the 
quantity and quality of the product increased. 


Today, a vast majority of our industrial plants still 
are without any means of maintaining accurate com- 
bustion control. 


It is to these plants that Cities Service Oil Companies 
now offer, without charge or obligation, a complete 
combustion control test with the unique, new Cities 
Service Industrial Heat Prover. This service is avail- 
able on request in most of the important industrial 
cities East of the Rocky Mountains. 


The Cities Service Industrial Heat Prover has been 
thoroughly tested on practically every type of com- 
bustion equipment in this country and with every kind 
of fuel. 


It has been adopted by users of steam power plants, 
open hearth furnaces, cement kilns, heat-treating 


THE CITIES SERVICE INDUSTRIAL HEAT PROVER—a 


new . 

‘te combustion analysis instrument—devel- 

© Cities Service Research Division to enable 

Subiae ed in the oxygen control of furnace atmos- 


eve greater combustion efficiency at less cost. 


apparatus, crucible furnaces and internal combustion 
engines. 


Accurate combustion analysis made as a result of 
the Cities Service Industrial Heat Prover tests have 
resulted in considerable savings in fuel costs, have 
reduced repairs and replacements on furnace linings, 
crucibles and refractories due to flame corrosion . . . 
and have led to increased production of better and 
more uniform products. 


Wire or phone your nearest Cities Service office or 
mail the coupon today——for a Cities Service Industrial 
Heat Prover test in your plant. 


A member of the Cities Service engineering staff will 
then visit your plant at your convenience and make 
a Heat Prover analysis of your combustion processes. 
This engineer has been carefully trained for the 
purpose, and has at his command extensive informa- 
tion gathered by the Cities Service Research Division 
from power, metallurgical and chemical fields. 


| CITIES SERVICE OIL COMPANY 
| Room 1671 
| Sixty Wall Tower, New York 5, N. Y. 1 
| Please arrange a Cities Service Industrial Heat | 
Prover test for my plant. I understand there is l 
| no charge or obligation for this service. 
| Address 


Ort AMMUNITION—USE WISELY?! 


CITIES SERVICE OIL COMPANY 


NEW YORK CHICAGO 


™ Tet SOUTH 


ARKANSAS FUEL OIL C 


SHREVEPORT, LA. 


August, 1943; Page 291 


|__| 
hOroug} 
plete | 
ibility 
al haze 
bin 
ings y 
ric 
fume jf 
once; 
lay 
the 
eden 
aZards 
Benerg 
tect 
due 
| 
In 
Ser] 
he 
an | | 
inks 
tion is | 
ch 
de 
ice in ; 
ev 
ca 
y = Re 
| 
d 
SERVIC, 
| OMPANY 


CARTRIDGE BRASS 


(Continued from page 248) 


enough for excessive grain growth. 
As a rule, 30 min. to 1 hr. is enough 
time at temperature, once all the 
metal has been heated. To reiterate, 
annealing time is composed of time 
to get the charge to temperature 
plus the time at which grain growth 
is proceeding. 

In summation of the variables 


affecting annealing, it may be said 
that changes in prior cold working, 
metal cross section, or metal weight 
charged must be compensated for 
in the schedule, if consistent results 
are to be maintained. 

The question may well be asked, 
“How much control over grain size 
must be exercised?” The answer is 
not without qualifications: It all 
depends! The minimum grain size 
will usually be established by the 
cold working operations in the 
plant. Too small a grain size results 
in breakage; perhaps resulting 


Commlede ALLOY CASTING SERVICE 


mei of alloy steel castings is a fussy job...requiring 
extremely close control over each step in the process. Raw materials 
are checked against rigid specifications...moisture content of sand 
is precisely controlled...pouring temperatures are closely regulated. 
Result? Sound castings...free of cracks, surface defects, cold shuts 


or seams. 


Since 1922 The Cooper Alloy Foundry Co. has specialized in the 
production of stainless steel, monel, nickel, chrome-iron, chrome- 
nickel and other alloy castings. We offer users of castings resistant 
to corrosion, heat and abrasion, a complete alloy casting service... 
production “know-how” plus practical assistance in the selection of 
proper alloys. You can get sound castings from Cooper that are 


“right” for your 


“physicals” for a Brain sine 
are wrong; probably e longation js 
too low —though if the Specifics 
tion controls the tensile strengt} 
this may be too high. There - 
annealing conditions are establish 
to produce the minimum grain sj», 
to meet these production needs. a) 
are usually set at a slightly highs 
temperature than the absolute mi; 
mum for an adequate safety fact, 

On the other hand, the may 
mum grain size will depend 
more complex factors. In the firy 
place, the actual measurement 
the average grain size becomes |e« 
accurate as the absolute val» 

increases. For example, at 6.15 
mm. some grains are considerably 
smaller than the average and som 
larger. Consequently, a tolerance o/ 
0.050 mm. would not be excessiy: 
as compared to +0.010 mm. at 0.03 
mm. average specified. 

Secondly, grain size contr 
depends on the cold forming opera 
tion on at least three counts: (¢ 
The larger the grain size th: 
rougher the surface after working 
especially if no “ironing” betwee 
tool surfaces is done as at the end 
of a punch. “Orange peel” results 
a condition which is nearly self. 
descriptive, the surface 
rough, much as an orange skin. |! 
the part is subsequently polished 
or a smooth surface is necessary 
the smallest grain size that wil 
work without breakage is pre 
ferred. (b) Close _ control is 
indicated with certain types o! 
operations. A large grain size wil 
cause breakage just as too small : 
grain size will. We have had exan 
ples of deep drawing in which 
0.030 mm. was too small, breakage 
occurring, as was 0.050 mm. for the 
same reason. Again, close contr 
is indicated. (c) If minimum haré- 
ness or tensile strength is required 
then grain size cannot be allowed 
to become so large that its value 
falls below specification. 

Consequently, the conditions 
operation will determine the degree 
of control needed and each cas 


being 


must be determined in the light 
all requirements. In any event, " 
is hardly economical to heat mets 
so hot as to produce very laré 
grain sizes. 

While much of the 
has _ specifically referre i to strip 
cartridge brass is usec 0 rod and 
tube form for many articles requit- 
ing forming of some deseriptio® 
for rod such as cold extrusion & 
cold heading, and for tubing for 
bending and flanging. '" 4") case, 
the foregoing principle apply. £ 


THE Only ALLOY FOUNDRY WITH All THESE FACILITIES | 


uding Lustra- 
e Improved cleaning . . incl 

cast electrolytic finishing which leaves all 
surfaces bright. 

Castings rough, polished or 
fully machined . . . one ounce to two tons. 
« Development of special alloys to meet 
unusual requirements. 

e Technical consulting service. 


| e Laboratory control over raw materials 
and finished products. 

e Dual foundry... both hand and machine 
molding. 
e Heat treating of castings up to six feet 
in size. 
e Machine shop . . . specially equipped 
for finishing stainless steel. 


THE Cooper ALLOY FOUNDRY CoO. 
11S BLOY STREET ¢ HILLSIDE, NEW JERSEY 


foregoing 


Metal Progress; Page 292 


i 
| 

i 


ESSIVE 
0.03 


ontr 
opera 


the 
rking 
{weer 
e end 
sults 

self- 
peing 
n. If 
ished 
ssary 

Wu 


pre 


the problem spot- 
welding heavy gauges 


ON ALUMINUM AND LIGHT ALLOYS 


It is not generally recognized that the spotwelding of 
heavy gauge aluminum on a production basis is being 
ssccessfully accomplished today. Many leading aircraft 
manufacturers are speeding up the fabrication of heavier 
assemblies by employing the Sciaky Process of Electric 
Resistance Welding. 

inasmuch as the difficulties involved in the spot- 
welding of aluminum increase proportionately with 
the increase in thicknesses used, the advantages of the 
Sciaky Stored Energy Principle and Variable Pressure 
Cycle can be readily seen. The extremely high current 
requirement is compensated for by the use of Stored 
Energy, which effects high power factor, uses less current 
and balances the three-phase supply. 


The tremendous pressure required is obtainable by 
the use of a special, heavy duty head using two cylinders. 
These can operate either on the Variable Pressure Cycle 
of at constant pressure. When both cylinders are oper- 
ated at constant, the maximum pressure can be made 
as high as 12,000 Ibs. 


_ Exhaustive tests have demonstrated the ability of the 
Sciaky 240 KW machine to weld satisfactorily two thick- 
nesses of 156° aluminum in production. Under proper 
conditions, two thicknesses of .187” aluminum can also 
be fabricated by this method. 


TYPE PMCR25S-5 
SCIAKY ELECTRIC RE- 
SISTANCE ROCKER 
ARM WELDER, with 
built-in rectifier, weld- 
ing 70 spot welds per 
minute on two sheets 
of aluminum alloy of 
040” each. Welding 
capacity: from two 
thicknesses of in 
aluminum alloys to 
and including .080 


SSciany SSRos. 


Manufacturers of Complete Line 
AC. ond D.C. Electric Resistance Welding Machines. 


4915 W. 67TH ST. - CHICAGO, ILLINOIS 


including .187” plus .187” 


August, 1943; Page 293 


HELPING TO SOLVE , TODAY’S WARTIME PRODUCTION PROBLEMS 


UNRETOUCHED MACROPHOTO of a typical Scicky spot weld on 
156” plus .156", 24ST Alclad at 14X Mg., indicates the weld 
nugget of proper penetration, and a central zone of uniform 
cast structure surrounded by an even columnar rone. Good grain 
structure with no porosity and the absence of cracks is also 
evident. 


A comparison of Army and Navy Minimum Shear Test Valves 
ond the range of Scicky Machines. 


TYPE PMCOSS-1 SCIAKY ELECTRIC RESISTANCE SPOT WELDER, 240 KW. 
Welding capacity: aluminum and other alloys or corrosion resisting 
steels in thicknesses of from .040” plus .040” minimum up te and 
maximum. Speed: 40 spot welds per minute 


on two thicknesses of 040” of light alloys. 
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THIN CASES 


(Continued from page 261) 


surface of the work, then the cou- 
pling factor is 0.5 and only half the 
primary ampere-turns, or some 500 
amperes in the one-turn secondary 
circuit, are available for generating 
heat in the work. Since the heat- 
ing rate in watts equals /°R and 
since the current has already been 
determined by the primary ampere- 


to 
layer of metal which is carrying 
the current, and this is done by 
increasing 
quency. 

the operating frequency is increased 
from 1 megacycle to 4 megacycles, 
the thickness of the current-carry- 


turns and the coupling factor, it 
follows that the rate of heating in 
the metal can only be increased by 
increasing the resistance of the sur- 
face layer in which the current is 


confined. 


The only way this is possible is 
decrease the thickness of the 


the alternating fre- 


It can be shown that if 


A DETROIT ELECTRIC 
THE FUN OF THE. 


materials. floor space 
complete facts. 


DETROIT. 


KUHLMAN ELECTRIC COMPANY 


FURNACE SPOILS 


BAY CITY MICHIGAN 
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On 


ing surface layer is reduceq 
half. Therefore, the S€condar 
resistance through which the 
amperes must flow is doubled an 
the heat developed in the surfa 
layer by this current is also doubjes 
At the same time, the heated , a 
has been restricted to half the dept 
below the surface it occupied at 
lower frequency. 

The above example brings 1 
a fundamental reason for high {», 
quency in surface hardening, The; 
will always be a frequency « 
verter of limited output, an indy 
tion heating coil with a limi, 
current-carrying capacity, a fini 
number of turns, and a coefficien 
of coupling between the work ao¢ 
the coil whose value for practic 
design purposes is also fixed, 4 
the above restrictions will limit th 
magnitude of the secondary current 
There remains to the metallurgis 
only the control of the secondar 
resistance by exploitation of high. 
frequency skin effect. 

These considerations are « 
prime importance as the part to be 
heat treated becomes smaller. | 
results therefore that thin surfac: 
layers on end bushings on a 0.63-in 
hollow spindle of 0.35% carbor 
steel with 0.12-in. walls can bh 
heated by radio frequency currents 
in 0.7 sec.; self-quenching causes 
hardness of Rockwell C-55, Hard 
ened layer is about 0.001 in, thick 
and is quite uniform; the transition 
zone from hard case to unaltered 
core (estimated by dark etching on 
polished cross section) is about 
0.0003 in. thick. 

The very short time at heat i 
insufficient to put all of the carbides 
into solution, and the combination 
of hard martensite and carbide par 
ticles in a low carbon steel (0.35% 
surface — placed under compres 
sive stresses— may have some 
interesting properties in speci® 
services. Time is also so short that 
only a slight blue coloration appea 
on the surface. Heat caanges 
so localized and uniformly balanceé 
that there is no measurable distor 
tion. Hence the treatment can b 
given to finish-ground parts. Like 
wise the operation can be made 
fully automatic as to loading, heat 
treating, and ejection, and —#f we 
oration is undesirable — performeé 
in controlled atmosphere. The sp#* 
requirement of a vacuum tube oscil 
lator is small. Its power suppl 
can be located at a remote poitt 


and its work load can be aw 

located at the oscillator oF —_ 

to it from a distance by mea” 
tine. 


a grounded concentric 


4 
£ 

Y 

F Race was. originally developed to conserve the nation’s hy 
metal and fuel deposits. This is accomplished through 
SAVES LABOR. Fast melting assures a high rate of 
production per man hour. No fuel to handle or store plus” 
SAVES SPACE. Compact. fast and 
efficient Detroit Furnaces give high production per 
@ceurate metallurgical control a Detroit Furnace im- 
proves metal quality and results in a higher per. 
SAVES MONEY. Detroit Furnaces save time, labor. 
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.. HEAT AND CORROSION RESISTING ALLOYS 


Infernos blaze across the nation as tools of war receive 
their baptism of fire and acid, In hundreds of these man- 
made hells, where temperatures soar to fantastic heights 
and chem cals do their swift, corrosive work, you'll find 
FAHRIT! castings on the job. This alloy is the result of 
twenty-one years experience and 
constant research and develop- 


ment by the engineers, and metallurgists, of The Ohio 


Steel Foundry Company. 
The abilities of FAHRITE to resist heat and corrosion 


can help YOUR war-production. Our engineers will 
gladly work with you in the creation of the FAHRITE 
part ot parts that will serve your needs precisely. Write 
us for complete information. 


THE OHIO STEEL FOUNDRY CO. 


ENGINEERS * FOUNDERS * MACHINISTS 
LIMA AND SPRINGFIELD, OHIO 
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FREE PRISE THE ONLY WAY TO CONSTANTLY HIGHER AMERICAN LIVING STANDARDS 


NEW PRODUCTS 


Furnace Atmosphere Indicator 

A new atmosphere indicator, 
based on the thermal conductivity, 
has been devised by Claud S. 
Gordon Co. of Chicago, and manu- 
factured by Weaver Mfg. Co., Spring- 
field, Ill. The ideal atmosphere for 
a given furnace operation, once 
determined, can be reproduced for 
any similar operation by adjusting 
the air-fuel ratio to give the same 
indicator reading. 


Glass Tanks 


New line of glass tanks, built to 
required shape and size of heavy 
plate glass, tempered for shock 
resistance, is announced by Pitts- 
burgh Plate Glass Co., Pittsburgh. 
Such tanks are usually surrounded 
by a protective framework, and will 
stand continuous operating temper- 
atures of 650° F. Such tanks have 
proven serviceable in pickling steel 
and other metals. 


New Pickling Machine 

Designed for increased produc- 
tion of shells, a continuous, drum- 
type pickler has been developed by 
the Howard Engineering & Mfg. Co., 
Cincinnati, capable of pickling 
37-mm. shell cases at the rate of 
8000 an hr. Cases travel through 
the machine in a drum which varies 
in diameter so that each section 
runs in its particular tank, succes- 
sively pickling, rinsing, neutralizing 
and washing. Pumps are not 
required, as the solutions are picked 
up by scoops on the side of the 


drum. Machine is 35 ft. long, 8 ft. 
wide and 9 ft. high. 


Carbide Grinder 

New floor type carbide grinder 
(with a heavy base, drum type 
on-off-reverse switch, heavier tables, 
and storage compartment for wheels 
and tools) has been announced by 
Thomas Prosser & Son, 120 Wall St., 
New York City. New machine 
removes metal rapidly when rough 
grinding, as well as accurately fin- 
ishing all single-point tools to 
smooth, keen cutting edges with flat 
surfaces, held exactly to desired 
angles. Either silicon carbide or 
diamond wheels can be used for 
grinding carbide, or aluminum 
oxide wheels for grinding stellite 
or high speed steel. Prompt deliv- 
eries can be made. 


Increases Cutting Work 

A shop-built device for multiply- 
ing productive output of a portable 
radiagraph cutting machine accom- 
plishes the work normally produced 
by two or more machines in a New 
England shipyard. As shown in 
the photograph at bottom, right, 
the attachment consists of a 10-ft. 
bar balanced crosswise on an Air 
Reduction radiagraph, with ends 
supported cantilever fashion by 
turnbuckles welded at the apex to 
a plate. This bar carries four 
adjustable torches for trimming 
parallel edges simultaneously on 
two plates, one on each side of the 
machine tracks. 
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Washing Equipmen(- 
Working with a m, 
gyroscopes for airpla 
Foundry Equipment | of Mis 
awaka, Ind., has 4d, veloped 
machine to clean and oi! small bes 
ings without exposing them to pom 
air or handling, which would result 
in rusting from finger smudges, The 


ufacturer 
Ss, America 


bearing races vary from \ in. out 
side diameter up to 1% in. This 
washer consists of a solvent « 
tainer, a small solvent pump, a filter 
and the proper adapters. 
Another new American Foundr 
development is the “Tabl-Spray 
metal washer for fast washing 
flat, fragile work, or parts wil! 
intricate crevices. Typical applic 
tions include removing lapping 
compound from magnesium a 
aluminum aircraft parts, cleaning 
crankcases, supercharger rear hou 
ings and adapters, small assemblies 
gears, or rocker arms — prior | 
inspection or after magnaflux. 


Rivet Gun 

G15 gun, manufactured } 
Cherry Rivet Co., Los Angeles 
especially for Cherry blind rivets 
Tests show that 1600 rivets can 
driven in an hour with this tool. 


Degreasers 

Complete line of standard a 
specially designed vapor and 
vent degreasers is now offered ! 
the Magnus Chemical Co., Garwooe 
N. J. Just announced is a "Ne" 
portable multi-purpose washin 

(Continued on page 316) 
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Tools are vital. Their life must 
be lengthened to keep our arm- 
ament program on schedule. 


As a result of several years’ 
experience with heat treatment 
of high speed steels, Hough- 
ton offers a simplified, final 
heat treatment which is pro- 
ducing phenomenal results. 
From 200 to 300% increase 
in tool life is usual when this 
liquid bath is used to form a 
superficial hard case after the 
conventional heat treatment. 


Liquid Heat No. 720 is fluid 
at. 920° F., and is used be- 
tween 1000 and 1050° F. for 
periods varying from 10 to 90 
minutes. A nitride penetration 


HOUCHTONS 


RECIOUS TOOLS 


HEAT. 
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from slightly under .001”’ for 
the shorter time, to .002"’ for 
the longer periods, provides 
the extra protection that greatly 
lengthens the time between 
grinds. 


This treatment does not change 
dimensional sizes when pre- 
vious heat treatment was com- 
pletely effective. Cost is low, 
results astounding in longer 
tool life. Write for full details 
of the preservation of vital 
tools by liquid nitriding. 


E. F. HOUGHTON & CO. 
303 West Lehigh Avenue 
PHILADELPHIA 


Offices in all Principal Cities in the 
United States and Canada 
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NEW PRODUCTS 


(Continued from page 314) 
machine for cleaning a wide range 
of large and small parts. This new 
machine is designed to meet the 
needs of metal fabricators whose 
production rates do not warrant the 
installation of large, fully automatic, 
washing equipment. 

This company has also devel- 
oped a new metal coating com- 


pound, preparatory to drawing. 
Material is applied as a dip coating 
to high or low carbon steel wire, 
copper coated wire and stainless 
steel wire after pickling. For fur- 
ther information write the com- 
pany, attention Dept. MP. 


Prepares Galvanized for Paint 
Paint adheres to galvanized 
metal — with no chipping or peel- 
ing — if the galvanized surface is 
wiped or dipped in “Turco Redi- 
Paint”, according to Turco Prod- 
ucts, Inc., of Los Angeles and 
Chicago. In but a few seconds, the 


temperature cycle. 


Automatic temperature control and combustion safety devices 
with dependable air circulation and proper distribution assure a 
continuous flow of uniformly heat-treated material. 

The direct mounted electric car drive permits smooth operation 


with safety. 


Benefit by our broad experience in the industria! heating field. 
Add your name to the growing list of satisfied R-S customers. 
R-S PRODUCTS CORPORATION + 128 Berkley Street, Phila, Pa. 
Recirculating 
Continuous Conveyor Plate and Angle Heating 


Forging 


Exceptionally close temperature uniformity for work requiring a 
maximum of 1300° F. is obtained in this R-S Convection Car Type 
Furnace. Large volume air circulation permits rapid heating and 
high production. Program heating and cooling is also possible 
on work requiring a slower rate of heating or a definite time- 


Rotary Hearth 


Billet Heating 


Soft Metal Melting 


_ BUY WAR BONDS 
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surface is passivated. A unique 
feature is a dark tint that develo, 
on areas properly treated, leaving 
the untreated area bright. 


Tool Room Furnace 

Hardening and carburizing fy. 
nace for small tools and parts js 
announced by Industrial Furnace 
Div., Lee Grinder Co., 4708 Armitas 
Ave., Chicago. Furnace is of th 
bench type and particularly 
designed for use with accelerated 
carburizing salts. Maximum ten- 
perature is 1600° F. 


Hardness Tester 

Hardness tester has been intro- 
duced by Clark Instrument, Inc 
10200 Ford Road, Dearborn, Mich 
featuring a frictionless spind 
which provides a correct minor 
load; zero drag trip which elim 
inates friction on the loading beam 
insuring consistent accuracy of the 
major load; a simple indicator 


adjustment for maintaining 
racy of readings; and © minor boat 
adjustment. Three anvils are 


included — a standard 3%-in. 
for large flat bearing surface - 
a spot anvil for most standard siz 

cks, and 


pieces and for test b asl 
“vy” anvil for testing row® 


cylindrical parts. 


| 
7 
hate 
T 
4 
Ss 
on 2 °f Distinction 4 
istinctio 


Are you using industrial x-ray films in the manufacture of vital defense 


products? As the world’s largest distributor of x-ray films, Picker 


carries in stock every standard make and size of fresh films at all 


times. Your order for a single dozen or 1000 dozen x-ray films will 


be shipped promptly. May we send you a catalogue and price list? 


World’s Largest Distributors of X-Ray Films and Supplies 


CORPORATION 


NEW YORK, NEW YORK 


PICKER X-RAY 


300 FOURTH AVENUE 


OFFICES IN PRINCIPAL CITIES THROUGHOUT U.S.A. AND CANADA 
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20-page booklet on 
has been issued by Ti: 
ciated Oil Co. for the 
industry. Bulletin 252 
Many applications for the Norton 
open structure grinding wheel 
shown in leaflet issued by the Norio. 
Co. Bulletin 253. = 
_ New catalog describes metal form. 
ing machinery engineered and mani 
by the Yoder Co. Butleti, 


itting fluids 
Water 
etal working 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


METAL WORKING e FABRI- 
CATION 


Powdered metal presses producing 
millions of metal parts illustrated in 
catalog by Kux Machine Co. Bulle- 
tin 1, 

Forging presses. 
Bulletin 2. 

Horizontal extrusion presses. 
Hydropress, Inc. Bulletin 3. 


Ajax Mfg. Co. 


Surface coated abrasive belts. Min- 
nesota Mining & Mfg. Co. Bulletin 12. 
Grinding and polishing with abra- 
sive belts. Hammond Machinery 
Builders, Inc. Bulletin 13. 
Handbook on aircraft riveting. 
Cherry Rivet Company. Bulletin 14. 
Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 15. 
265-page textbook covers tech- 


_Air tools in steel mills and foypg. 
ries are pictured in new booklet by 


Ingersoll-Rand. Bulletin 255, 

Parsons oval bag dust arrestors ay. 
described and 12 advantages list 
in folder issued by Parsons Eng 
neering Corp. 
is reclamation of valuable dust, By 
letin 228. 


FERROUS METALS 


Important advantag: 


niques used in contour machining, 
laboratory controls in manufacture 
of precision saw bands. Doall Serv- 
ice Co. Bulletin 16. 

Precision grinding wheel. Ameri- 
can Emery Wheel Works. Bulletin 17. 

Brazing of cemented carbide tools. 
Carboloy Co. Bulletin 18. 

Cutting Fluids. Pate Oil Co. Bul- 
letin 19. 

Presses for the metal working and 
process industries. Hydraulic Press 
Mfg. Co. Bulletin 20. 

New catalog illustrates standard, 
non-standard, and _ special tools, 
shows prices of tools and blanks. 
McKenna Metals Co. Bulletin 250. 


New war time edition of th 
machinery steel selector has jus 
been issued by the Elastuf grow 
which includes Horace T. Pots 
Brown Wales and Beals, McCarthy § 
Rogers. Bulletin 256. 

Aircraft steels, bearing stee|s 
Rotary Electric Steel Co. Bulletin 2 

Steel Data Sheets. Wheelock, Love. 
joy & Co. Bulletin 25. 

Molybdenum wrought steels 
Molybdenum Corp. of America. Bul- 
letin 26. 

New corrosion data work sheet 
acts as check list to insure considera. 
tion and evaluation of all factors in 
fluencing corrosive action. _[nter- 
national Nickel Co. Bulletin 27. 

Chemical analyses, shapes and 


36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin 4. 

Cutting Oils. Cities Service Oil Co. 
Bulletin 5. 


Cutting Oil Handbook, D. A. Stuart 
Oil Co. Bulletin 6. 

Presses for Powder Metallurgy. 
F. J. Stokes Machine Co. Bulletin 7. 

Properties and uses of cutting oils. 
Gulf Oil Corp. Bulletin 8. 

Illustrated data information on cut- 
ting oils and their correct use. Na- 
tional Refining Co. Bulletin 9. 


“Dag” colloidal graphite as a high 


temperature lubricant. Acheson Col- 
loids Corp. Bulletin 248. 


Information and data on straight- 
ening press. Anderson Bros. Mfg. Co. 
Bulletin 10. 


Forty different ways to cut ma- 
chining costs. Continental Machines, 
Inc. Bulletin 11. 


Properties, applications and use of 
hard-facing rods. Coast Metals, Inc. 
Bulletin 249. 


Mounted wheels, Handee and Hi- 
Power tools. Chicago Wheel & Mfg. 
Co. Bulletin 21. 


Abrasive belt polishing machines. 
Divine Brothers Co. Bulletin 22. 


Abrasive cloth gadgets. Behr-Man- 
ning Corp. Bulletin 23. 


Advantages and physical charac- 
teristics of ““No-Wear”, a hard-facing 
material. Callite Tungsten Corp. Bul- 
letin 251. 
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Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 


Listed on Pages 321, 322, 324, 326 
328, 330, 334, and 336. 
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Send me the literature I have indicated below. 


Name 


(Students—please write direct to manufacturers.) 
Check or circle the numbers referring to literature described on these 9 pages. 
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WHAT'S NEW 


iy MANUFACTURERS’ LITERATURE 


Enduro stainless steels. Republic 
see] Corp. Bulletin 28. 

Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin 29. 

Free Machining Steels. 
Steel Co. Bulletin 30. 

Tool Steels. Bethlehem Steel Co. 
Bulletin 31. 

Die Steels. Latrobe Electric Steel 
Co. Bulletin 32. 

Enameling iron sheets. 
Steel Co. Bulletin 33. 

NAX high tensile low alloy steels. 
Great Lakes Steel Corp. Bulletin 34. 

Loose-leaf reference book on mo- 
lvbdenum steels. Climax Molybde- 
im Co. Bulletin 35. 

Four Coppco tool steels. Copper- 
weld Steel Co. Bulletin 36. 

Stainless steei. Allegheny Ludlum 
Steel Corp. Bulletin 37. 

New process embodying both 
hemical and temperature controls 
for production of low carbon open 
hearth case carburizing steel is de- 
scribed in bulletin by W. J. Holliday 
Co. Bulletin 38. 

Shop notes on the machining of 
iinless steels. Rustless Iron & Steel 

rp. Bulletin 39. 

Aircraft Alloy Steels. Joseph T. 
Ryerson & Son, Inc. Bulletin 40. 

Cromoco air-hardening die steel 
r high production is described in 
ew leaflet by Firth-Sterling Steel 
». Bulletin 257. 

Kinite alloy tool steel bar stock and 
is easy handling in heat treatment 
pre described in leaflet by H. Boker 
Co., Inc. Balletin 258. 


NON-FERROUS METALS 


Reynolds Metals Co. has issued two 
lor charts showing marking for 
entification of wrought aluminum 
Moy products, rod, bar, tubing and 
hapes, and for aluminum alloy 
eet. Bulletin 294, 

Heat treatmen!’ of aluminum 
ronzes, H. Krainer & Co. Bulletin 


Monarch 


Inland 


Platinum Metal Catalysts. Baker & 
» Ine, Bulletin 41, 
Die _ casting equipment. 
hoenix, Inc. Bulletin 42. 
| Handy & Harman has issued a re- 
sed general catalog 
| Sil-Fos an sy - i 
Mioys. Bulletin 43. 


Bronze. Front 
Bulletin 44, Frontier Bronze Corp. 


rh aah Alloys. American Brass Co. 
5. 


Alumi 
renee Castings. National 


a low temperature melt- 
» USec to accurately proof- 


ast cavities. Cerr 
eT Corp. Bu!! tin 


Lester- 


Brass and bronze castings. Ham- 
mond Brass Works. Bulletin 48. 

Reference on properties of lead. 
St. Joseph Lead Co. Bulletin 49. 

6th edition of Revere Weights and 
Data Handbook. Revere Copper and 
Brass, Inc. Bulletin 296. 

Catalog of brass, bronze and iron 
alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin 50. 

Dowmetal data book. Dow Chemi- 
cal Co. Bulletin 51. 

80-page Duronze Manual, well in- 
dexed for reference, presents data 
on high strength silicon bronzes. 
Bridgeport Brass Co. Bulletin 52. 


Forgeable tin-free bearing metal. 
Mueller Brass Co. Bulletin 53. 

Surface protection for magnesium. 
sa Magnesium Corp. Bulletin 


Standard specifications for all 
grades of aluminum alloys (casting 
grades only). Federated Metals Div., 
American Smelting and Refining Co. 
Bulletin 55. 

Rare metals, alloys and ores. Foote 
Mineral Co. Bulletin 56. 

Everyone joining nonferrous met- 
als needs the new 12-page Westing- 
house Brazing Booklet, crammed 
with timely ideas for saving man- 
hours and critical materials. West- 
inghouse Elec. & Mfg. Co. Bulletin 57. 


“The Story of Magnesium” is name 
of illustrated booklet issued by the 
Metals Corp. Bulletin 


“Sureweld” protected arc elec- 
trodes. Hollup Corp., division of 
crc Cylinder Gas Co. Bulletin 


Welding Stainless. Page Steel & 
Wire Div., American Chain & Cable 
Co., Inc. Bulletin 59. 


Chart explains how to select proper 
flux for every welding, brazing and 
soldering job. Krembs & Co. Bul- 
letin 60. 


Electrode quantity and welding 
time graph. Arcos Corp. Bulletin 61. 


Oxy-acetylene welding and cutting. 
Linde Air Products Co. Bulletin 62. 


Sciaky radial portable welder. Sci- 
aky Brothers. Bulletin 63. 


Flexarc A-C welders. Westing- 
house Electric & Mfg. Co. Bulletin 64. 


Use Handy Coupon on Page 318 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 318, 322, 324, 326, 
328, 330, 334, and 336. 


August, 1943; Page 321 


-++ with X-RAY 


the modern way to check 


hidden structural members 


wm X-ray lets you 
lookthrough brick, 
== wood, and con- 
—_ crete to locate and 

check piping and 
building structural 
members for con- 
dition — faults — obstructions — be- 
fore opening up walls, floors and 
ceilings at- great cost of time, men 
and money. This is just another of 
hundreds of unusual tasks that can 
be done better and faster with West 
inghouse X-ray—the versatile pro- 
duction tool. 


j-02018 


¢ See page 
337 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 


Data book facts on spot, seam and 
flash welding ferrous and non-fer- 
rous metals and alloys. P. R. Mal- 
lory & Co., Inc. Bulletin 65. 

Welding and brazing of aluminum, 
a new data book issued by Alumi- 
num Co. of America. Bulletin 66. 

Shield Arc electrodes. McKay Co. 
Bulletin 67. 

New Advances in 
Equipment Design. 
Corp. Bulletin 68. 

Precision welder. Hercules Elec- 
tric & Mfg. Co., Inc. Bulletin 69. 

Nu-Braze No. 4, an improved silver 
brazing alloy. Sherman & Co. Bulle- 
tin 288. 

New “200” welder is described by 
Allis-Chalmers in Bulletin 260. 

New JR shape cutting machine is 
described in new folder by National 
Cylinder Gas Co. Bulletin 233. 

New 12-page booklet tells how to 
fabricate fittings for welded piping 
by means of flame-cutting and weld- 
ing. Air Reduction Co. Bulletin 234. 


Are Welding 
Harnischfeger 


Illustrated leaflet shows several 
welding positioners manufactured 
Bulletin 


by Ransome Machinery Co. 
239. 

Alomic-hydrogen arc welding, its 
application and use, is described by 
General Electric Co. in new Bulletin 
241. 


Welding alloys and metals on 
which they should be used are 
shown in helpful chart form by 
oo Welding Alloys Co. Bulletin 

32-page catalog describes line of 
welding equipment offered by Vic- 
tor Equipment Co. Bulletin 245. 


TESTING & CONTROL 


SR-4 strain gage and illustrations 
of its many uses. Baldwin South- 
wark. Bulletin 70. 

New book contains wealth of prac- 
tical, usable information on indus- 
trial inspection by x-ray. Westing- 
house Electric & Mfg. Co. Bulletin 71. 


X-Ray Diffraction Unit. General 
Electric X-ray Corp. Bulletin 72. 

Fixtures and accessories to extend 
usefulness of X-ray quartz analysis 
apparatus. Philips Metalix Corp. Bul- 
letin 262. 

Metallurgical polishing equipment 
by Tracy C. Jarrett. Bulletin 295. 

X-Ray accessory and supply cata- 
log. Picker X-Ray Corp. Bulletin 73. 

Radiographic identification of neg- 
atives with lead markers. H. W. 
Knight & Son, Inc. Bulletin 74. 

Electric heaters and controls for 
industrial and laboratory. American 
Instrument Co. Bulletin 75. 

12-page catalog describes electric 
motor valve operators as applied to 
standard temperature control sys- 
tems for fuel-fired furnaces. Auto- 
matic Temperature Control Co. Bul- 
letin 263. 

Carbon - Meter for rapidly deter- 
mining carbon at the furnace. E. 
Leitz, Inc. Bulletin 264. 

Convertible free-vane air-operated 
controllers. Bristol Co. Bulletin 265. 

New 29-page catalog — Micromax 
Electric Control —- has just been is- 


sued by Leeds & Northrup Co. Bul- 
letin 76. 
“Kodak Products for Industrial 


Radiography”. Eastman Kodak Co. 


Bulletin 77. 

Inspection of non-magnetic metals 
with the new Zyglo method. Magna- 
flux Corp. Bulletin 78. 

Industrial radiography with ra- 
dium. Canadian Radium & Uranium 
Corp. Bulletin 79. 


Radium for industrial 
Radium Chemical Co., Inc. Bulletin 


Film and plate processing equip- 
ment for spectro analysis. Harry W. 
Dietert Co. Bulletin 81. 


Potentiometer temperature indica- 
tors. Foxboro Co. Bulletin 82. 

Gage blocks, comparators, projec- 
tors. George Scherr Co. Bulletin 83. 


Pyrometer Controlle; 
ing Laboratories, Inc. 


Portable Brinell hardness tester » 
folding Brinell microscope. And. 
King. Buletin 85. 

Universal testing mochines » 
typical uses. Riehle Testing Machin 
Div., American Machine and Metals 
Inc. Bulletin 86. _ 


Slomin high speed electroly 
analyzers and other metallurgic 
laboratory equipment. F. H. Sargen 
& Co. Bulletin 87. 


[Minois Tes 
Netin 84, 


Surface Analyzer. Brush Develop. 


ment Company. Bulletin 8&8. 


Micro-Optical Pyrometers, Pyrop 
eter Instrument Co. Bulletin 89. 

X-Ray _ metallurgical laborator 
service. Claud S. Gordon Co. Bulk 
tin 90. 


Dillon tensile tester and the Dillo 
dynamometer. W. C. Dillon & ¢ 
Bulletin 91. 

Gas analysis. Burrell 
Supply Co. Bulletin 92. 


Industrial thermocouples. 
S. Richards Co. Bulletin 93. 


Optical Aids. Bausch & Lomb () 
tical Co. Bulletin 94. 


Coleman universal spectrophoto: 
eter. Wilkens-Anderson Co. Bulle 
tin 95. 


Metallographic polishing powder 
Conrad Wolff. Bulletin 96. 


Metallurgical Equipment. 
I. Buehler. Bulletin 97. 


Hardness testing equipment. Wi 
son Mechanical Instrument Co., In 
Bulletin 98. 


Identometer for rapid identific: 
tion of steel. Dravo Corp. Bulleti 
267. 

New condensed catalog gives prices 
and descriptions of instruments 
fered by Wheelco Instruments | 
Bulletin 268. 


Eberbach micro hardness tester \s 
illustrated and described in nev 
booklet by Eberbach & Son Co. Bu 
letin 269. 


Technica 


Adolpt 


Use Handy Coupon on Page 318 

for Ordering Helpful Literature. 

Other Manufacturers’ Literature 

Listed on Pages 318, 321, 324, 326, 
328, 330, 334, and 336. 
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help you: 
r honing: | 


= THE popularity of Stuart's “Super-Kool” 
Honing Oils hos increased in proportion to the rapid rise of honing 
operations. “Super-Kool” uniformity and quality insures better hon- 
- proved advantages and quick availability rule ovt ony 
necessity for hit-or-miss, homemade “mix-moxes”. Try “Super-Kool” 
Honing Oils on your honing operations. A Stvart engineer will be 
glced to help you properly apply them. Ask him to call. 


For All Cutting Fivid Problems 
D A. STUART OIL CO. 
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INDUCTION HEATING CORPORATION 
NEW YORK CITY 


Data Sheet 


Subject: Practical Application of Induction Heating Principles — Part 4 


Sheet No. 6 


INDUCTION HEATING ON CONVEYOR TYPE FIXTURES 


All the date covered thus far have concerned the heating of 
metal when it was held in some definite position with respect to 
od heating coil. While this is necessary when large amounts of 
are to be concentrated in a small surface area, there are 


power 
nany instances when the metal can be heated by continuously 
passing through @ coil instead of remaining stationary in the coil 


during the heating cycle and then being removed. Included in 
this group are all through heating applications, whether they be 
for hardening, brazing, forging or annealing. 


In order to apply this principle, let us consider the heating of a 
number of pieces placed in a long single turn coil in such a man- 
ner as to undergo similar magnetic excitation. When high fre- 
quency current is passed through this coil, these pieces slowly 
heat to any desired temperature depending upon the length of 
time they are subjected to the magnetic flux, and attain the same 
resultant heat distribution regardless of their respective position 
in the coil. Hence, if the metal piece occupying an end position 
were gradually moved towards the opposite end, the heating 
would be the same as when the piece remained stationary for an 
equal time cycle. This principle makes it possible to obtain the 
same results by passing the work through a coil of this type as 
those effected by placing the metal in the coil. 


It also makes it possible to introduce cold metal into the coil at a 
constant rate and thus draw maximum energy from the source of 
high frequency current. This is contrary to the usual falling off 
of load as the temperature of the metal rises causing a loss of 
magnetic properties and resultant diminishing of the flux density. 
Consequently, more production is obtained from a high fre- 
quency generator of given output capacity. 


The solution of the problem now hinges upon a coil of such 
design to permit the pieces to be continually fed in and out of the 
coil. The first step in the evolution of such a coil from our straight 
single-turn loop, would be to bend the end of the coil vertically 
and so form a bridge which would carry the current from one 
parallel side to the other and still permit a continuous entrance 
and exit of metal parts. This, however, would produce a strong 
magnetic field at the so-called “bridges” which would tend to 
distort the heat pattern. To overcome this, the bridges are ex- 
tended to form loops and the field intensity at the center of the 
loop is sufficiently weakened to prevent a change of heat pattern. 


This type of coil need not be limited to a single turn, since a coil 
of two or more turns can be formed in the same manner. An 


work 


Fig 


example of a multi-turn conveyor-type coil is shown in Fig. 1. The 
number of turns, of course, would depend upon the requirements 
for the heating of the specific parts involved. The relative posi- 
tion of the turns of the coils with respect to each other can be 
varied along the length of the coil to give any desired heat pat- 
tern. This might permit the whole piece to be heated during the 
first part of its travel through the coil and only a restricted area 
to be heated during thé last part of the heating cycle. 


Where very close control of the heat pattern is desired and the 
Parts to be heated are circular in cross section, the pieces may be 


rotated as they pass through the coil to insure uniformity of the 

= pattern around the periphery of the piece. This is simple to 

oo from a mechanical standpoint and lends greatly to the 
ectiveness of the coil for such heating applications. 

COPY 
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The successful operation of coils of this type depends largely on 
the mechanical equipment necessary to pass the work to be 
heated through the coils. The center line of the pieces must coin- 
cide with the geometric center of the coil in order to prevent 
localization of the heat at a particular section unless such a 
result is desired. In this latter case, such an eccentricity must be 
precisely maintained for uniformity of product. Also, if the pieces 
are to be rotated as previously discussed, the axis of rotation of 
the work itself must be kept in close tolerance or a non-uniform 
heat pattern will result. 


The most simple mechanism for passing work through a coil is a 
circular turn-table with fixtures for holding the pieces mounted 
in a circle concentric with the axis of the rotating disc. The coil 
is then formed to the same radius as the fixtures from the center 
of the turn-table, and the work to be heated then passes through 
the center of the coil as the turn-table rotates. Fixtures of this 
type lend themselves to adaptation for rotating the individual 
pieces, since a toothed or friction drive to the mounting spindles 
can be arranged to turn them as the work table rotates. 


From this simple fixture, any number of mechanisms can be 
developed until a very elaborate chain or belt-type conveyor is 
devised. In many cases, these are necessary to accomplish the 
desired result, but since they are inherently costly to build and 
maintain, they should be avoided wherever possible. It is also 
general practice to include a quenching mechanism in the con- 
veyor when a hardening operation is being performed, and this 
can either be a spray quench or immersion quench. The spray 
quench is usually accomplished by mounting a nozzle directly 
over the path of the work as it leaves the heating coil and having 
a valve operated by the conveyor mechanism supply quenching 
medium to the nozzle when a heated piece is directly under it. 
Immersion quenches are obtained by having the work released 
or ejected from the holding fixture as it leaves the coil and allow- 
ing the work to drop into a container filled with the quench- 
ing medium. 


Controlled atmospheres to prevent oxidation and other chemical 
or physical changes are often desired in heating operations of 
this type. This can be effected by running the conveyor through 
a muffle containing the desired atmosphere and also having the 
coil mounted inside the muffle. Thus all the heating takes place 
within the zone protected by the atmosphere, and the piece is 
either quenched or cooled before emerging. 


Conveyor setups of this type have found many applications in 
industry. One specific installation performs a brazing operation 
of a disc-type electrode into the tubuler end of an aircraft engine 
spark-plug. Here the shells, approximately 5° outside diameter, 
are passed through the coil with the electrode already in place 
and held in position by gravity. A ring of silver brazing alloy of 
correct size is previously placed on top of the electrode and braz- 
ing flux applied. These components are then passed through the 
coil at a rate of 18 to 20 per minute, and the brazing performed 
with uniformity of product resulting in a negligible number of 
rejected parts. 


Another practical application is the heating and subsequent 
quenching of a small gun part where only two small tips are to 
be hardened, and the remaining metal left physically unchanged. 
Here a belt-type conveyor carries the parts through the coil, 
which is designed in such a manner as to heat only the prescribed 
sections. The parts, which are of SAE 4150 steel, are ejected 
from the fixture as they leave the coil and drop into an oil quench. 


Hence, in summation, to obtain the full benefits from induction 
heating, the specific problem should be analyzed to determine 
whether or not a conveyor type set-up can be utilized. If this is 
found to be the case, a maximum of production and uniformity 
of product can be attained with a minimum of labor and oper- 


ating expense. 
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LARGEST PRODUCERS OF ELECTRONIC HEAT TREATING EQUIPMENT FOR | 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Thermocouple selector switches 
for pyrometer applications are de- 
scribed in new leaflet by Lewis En- 
gineering Co. Bulletin 229. 

Control system for hot blast tem- 
peratures is described by Brown In- 
strument Co., and covers new fur- 
naces and those being modernized. 
Bulletin 244, 


HEATING @ HEAT TREAT 
MENT 


36-page catalog illustrates Kold- 
Hold line of thermal, sub-zero and 
stratosphere processing and testing 
machines. Kold-Hold Mfg. Co. Bulle- 
tin 99. 


DETREX DEGREASERS 


All glory to our fighting men. We are 
proud of them. 


it is @ source of satisfaction to us at 
Detrex to know that our processes are 
helping in the war effort. 


Speed, vital to our War Supply and 
Armament Production, is graphically 
illustrated by advancements in indus- 
trial cleaning methods over World 
War |. Work that took half an hour 
or more to clean in those days is now 
Detrex Degreased in a minute... and 
the cleaning is more thorough, too! 
Imagine the saving in production time 
and cost. 


NT_DEGREASING and A | 
ETROIT REX 


«13006 HILLVIEW AVENUE © DETROIT, MICHIGAN 
Branch Offices In Principal Coes of US A —In Conede: Conedion Henson & Von Winkle Co, Lid. 


Projectiles, Radar, Aircraft, Mobile 
Equipment, Guns and Control Appa- 
ratus—to mention a few of the many 
Detrex war production cleaning appli- 
cations—are all Victory bound. Detrex 
equipment is ‘‘In the Service’, even 
up to the front where it is used in 
repair and maintenance cleaning. 


BUY MORE 
WAR BONDS 
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Homo method for nitriding ; 
scribed one Stustrated 
page catalog by Leeds & Norn.” 
Bulletin 100. 

Lithco, the chemically-neutral hex 
treating process, and Lithearh 4, 

rocess for fast, bright gas-carburis 
ing. Lithium Corp. Bulletin 19. 


Internally heated salt bath furnace 
and pots. Upton Electric Furns. 
Div. Bulletin 102. ’ 

Induction heating. Inducti 
ing Corp. Bulletin 103. an 


S.F.E. Standard Industrial turns, 
catalog. Standard Fuel Engineerin: 
Co. Bulletin 104. 

Easy-selection charts on gas. 
burning equipment. National \. 
chine Works. Bulletin 105. 

Electric Furnaces. Ajax Electro. 
thermic Corp. Bulletin 106. 

8-page pictorial bulletin describe 
the heat treating service of Con 
nental Industrial Engineers, Inc. By. 
letin 107. 

Hagan rotary forging furnaces ar 
described in bulletin by George | 
Hagan Co. Bulletin 108. 


Comprehensive, 100-page textbook 
describes constructional features 
capacities, operation and _ instr 
mentation of nitriding furnaces 
Nitralloy Corp. Bulletin 289. 


Centrifugal blowers and exhaus- 
ers. Roots Connersville Blower Cor 
Bulletin 270. 

Furnaces for heat treatment of alw 
minum, magnesium and their alloys 
rai ngineering Co. Bulletin 

Heavy duty high temperature alloy 
steel fans are described by Despatch 
Oven Co. Bulletin 272. 

48 illustrated pages describe Pre 
cision - Freas constant temperature 
control cabinets. Precision Scie» 
tific Co. Bulletin 273. 

“The Trend Is Toward Salt’ is 
title of interesting leaflet showing 
several examples of heat treatment. 
Ajax Electric Co. Bulletin 274. 


Gas, oil and electric heat treating 
and carburizing furnaces. Holcrof 
& Co. Bulletin 114. 

Rotary Hearth Furnaces. Lee Wit 
son Sales Corp. Bulletin 290. 

Industrial equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment 
Drever Co. Bulletin 115. 

Industrial ovens, rod bakers, welé 
ing rod ovens, furnaces. Carl-Mayet 
Corp. Bulletin 116. 

Full muffle and other heat treating 
furnaces described in catalog by 
Charles A. Hones, Inc. Bulletin 11’. 

56-page vest pocket data book 00 
heat treating practices and proce 
dures. Chicago Flexible Shaft \ 
Bulletin 118. 

Non-metallic Electric Heating Ele 
ments. Globar Div., Carborundum 
Co. Bulletin 119. 


Use Handy Coupon on Page 318 

for Ordering Helpful 

Other Manufacturers’ | ‘tereture 

Listed on Pages 318, 32’ 322, 32, 
328, 334, and 33. 


VICTORY 2 
AG 


EVERY DAY 


Melting 210,000 pounds of aluminum is 
just one part of the job performed by this 
trio of furnace and handling installations. 
After heating the aluminum to a maxi- 


mum temperature of 1350 deg. F. the 
melted aluminum is poured into pig molds 
on automatic conveyors. 


Each furnace has its own continuous 
conveyor to receive the molten aluminum. 
Slowly advancing, the aluminum solid- 
ifies and these conveyors dump the solid- 
ified pigs onto another conveyance. Each 


pig weighs approximately 30 pounds. 


This is just another of heat engineering 
by Continental Engineers who put experi- 
ence to work to produce top efficiency in 
melting and handling. For any non-fer- 
rous melting problem—or for any heat 
treating operation—call on Continental 


for the solution. 


a 


CONTINENTAL 
INDUSTRIAL 
ENGINEERS INC. 


176 W. ADAMS STREET 
CHICAGO, ILLINOIS 
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UNIFORMLY 
CLEANED... 


INSIDE AND OUT -- INCLUDING 
DEEP POCKETS AND RECESSES -- 
IN HALF FORMER CLEANING TIME 


HEAVY CAST STEEL VALVES—from the largest to the 
smallest sizes—with tough, thick walls for very high pres- 
sures—present a real tough cleaning problem. Sand, and 
scale from annealing, deeply embedded in deep pockets 
and recesses, must be removed from surfaces hard to reach. 


A valve manufacturer known for his fine products throughout 
the world, solved this tough cleaning problem with a series 
of five Pangborn Air Blast Cleaning Rooms and two twenty- 
eight cubic feet capacity Airless ROTOBLAST Barrels. The 
valves are given a rough cleaning in one of the Blast Rooms— 
then a second blasting in the ROTOBLAST Barrel for the 
thorough scouring of valve faces and interior surfaces. 
Results, in the operator’s words, are “the prettiest, cleanest 
castings you ever saw.” 


And— PRODUCTION is speeded up— 
COSTS are down — castings are delivered 
on time, UNIFORMLY CLEANED. 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 


PANGBORN CORPORATION - HAGERSTOWN, MD. 
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WHAT’S NEV 


IN MANUFACTURERS’ LITERA TY», 


24-page catalog describes gas 
and electric Holden heat treating , 
furnaces, and baths. A. F. Holden | 


Bulletin 120. 


Modern electric furnaces for \y 


| treating. Harold E. Trent Co, in », 
Bulletin 121. 


_ Control of temperatures of quene 
ing baths. Niagara Blower Co, 3 
letin 122. 

Molten Salt Baths. E. |. Dyp 
de Nemours & Co., Inc., Electroche; 
icals Department. Bulletin 123. 

_ Tocco hardening, brazing, anne, 
ing and heating machines, 
Crankshaft Co. Bulletin 124, 

_Kleen-well oil strainers for quer 
oil cooling systems. Bell & Gosse! 
Co. Bulletin 125. 

Gas_ cracking atmosphere wi 
Hevi-Duty Electric Co. in new Bull 
tin 126. 

Unichrome alkaline copper pr 
esses for improvement of selecti 
hardening and deep drawing 
steel. United Chromium, Inc. Bulk 


tin 127. 


Handling cylinder anhydrous : 
monia for metal treaters. Arm 
Ammonia Works. Bulletin 128. 

“Pulverized Coal, the Victory Fu 
Amsler-Morton Co. Bulletin 129. 


Heat treating furnaces. Johnst 
Mfg. Co. Bulletin 130. 


Drycolene, General Electric fw 
nace atmosphere. Bulletin 131. 


Dual-Action quenching oil. Gu 


_ Oil Co. Bulletin 132. 


Industrial Furnaces. W. S. Rock 
well Co. Bulletin 133. 


Certain Curtain Furnaces. 
Hayes, Inc. Bulletin 134. 


Air-Oil Ratiotrol for proportioniis 
flow of fuel oil and air to oi! burner 
North American Mfg. Co. Bullet 
135. 


Blue Print for Industry is title 
new handbook presenting oven eng 
neering information. Industrial Ov 
Engineering Co. Bulletin 156. 


Interesting and helpful infor 
tion available on the use of ak 
pots for heating operation by \ 
Swedish Crucible Steel Co. Bullet 
137. 


Gas-air premix machine. Eclips 


Fuel Engineering Co. Bulletin 15° 


Two new bulletins on vertical © 


burizers and on carbonia fin! 


American Gas Furnace Co. Bull 
tin 139. 

Low temperature equipment * 
aging, shrinking, etc. Deepirees 
Div., Motor Products Corp. Bullet! 
140. 


Use Handy Coupon on Page 318 

for Ordering Helpful | :teratur® 

Other Manufacturers’ | terature 

Listed on Pages 318, 3. 322, 324 
328, 330, 334, and 336. 
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. a preheat furnace, a high speed furnace and a 
tempering furnace, plus complete quenching equip- 
ment can be supplied in its entirety by Lindberg for 
the precision heat treatment of your finest tools and 
dies. 

1. The preheat and high speed hardening furnaces 
employ the Lindberg Hydryzing process for harden- 
ing all tool steels. Hydryzing is economical because 
it saves you the expense of costly cleaning opera- 
tions such as sandblasting, polishing, stoning, etc. 
Its neutral atmosphere protects all tool steels from 
scale, decarb and carburization with the consequent 
assurance of long productive tool life. 

The famous Lindberg principle of tempering 
solely with recirculated air, plus the precision and 
uniformity of heating are a few of the reasons why 
the Lindberg Cyclone Tempering Furnace is the 
most widely used tempering unit in the field today. 
The result of the Cyclone’s close heaiing control and 
uniformity is perfect tempering to specifications with 
the desired toughness for maximum tool life. 


Toolroom heat treating ina package 


3. With full toolroom setups, Lindberg can supply 
pot furnaces and complete equipment to meet any 
quenching requirements. 

Learn how you can have all the advantages of 
clean, full hardening and accurate, low-cost temper- 
ing. Write TODAY for Bulletins 94 and 62. 


A typical tool for Hydryzing is this bell 
shaped cutter, which is made of Moly 
High Speed Steel. It is 2 17/32” long 
through the bore, has a 5” outside di- 
ameter and weighs 8% Ibs. 

it was preheated in a Hydryzing 
Furnace at 1500°F., for 48 minutes, 
then placed in the high speed furnace 
for 12 minutes at 2225°F. It was 
quenched from 2225°F., into an 800°F., lead bath to avoid 
cracking at the shorp recesses of the teeth. From the lead bath it 
was allowed to cool to 150°—180°F. 

In a Cyclone Toolroom Tempering Furnace, the cutter was 
heated for 2 hours at 1025°F., removed and allowed to cool 
to room temperature. Hardness wos 65-67 Rockwell “C". 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street - Chicago, 12 
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R-CYCLONE. r hardening, normalizing, | nnea mpgring 
CYCLONE for accurate, low-cost tempering and nitriding 
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High and low temperat 
fired furnaces. R-S Produets (a 
T” E Bulletin 146. 

N W Heat treating, brazing a 
WHA S ing of ferrous and non fervent 
als. Lepel ox Frequency Labor 

Vertical Furnace. Sentry Co, Bub 
letin 148. 

Conveyor Furnaces. Electric Py. 

Controlled atmosphere furnace for Van Norman induction heating nace Co. Bulletin 149. 
heat treatment of tool and alloy ynits. Van Norman Machine Tool Co. New Electric Furnace. America 
steels. Delaware Tool Steel Corp. pujietin 144. Electric Furnace Co. Bulletin 15 
Bulletin 141. : 3 Newly developed salt bath matp 

Furnaces. Tate-Jones Co. Bulletin Flame-hardening, fame-annealing, rial for use in Martempering proces 

2. mechanized-brazing, preheating and _ E. F. Houghton & Co. Bulletin 15), 


Industrial Carburetors. C. M. Kemp other localized open heat treatments. pace: Ane so for laboratory 
Mfg. Co. ; ’ h las Co. Bulletin 145. and production heat treatment. § 
Mfg. Co. Bulletin 143 The Selas Co. Bulletin kins Mfg. Co. Bulletin 152. 0 

Furnace Experience. Flinn & Dre. 
fein Co. Bulletin 153. 

Flame-type mouth and taper » 
nealing machine for steel cartridg 
cases. Morrison Engineering Cop 
Bulletin 154. 

Dehumidifier. Pittsburgh Lectro 
dryer Corp. Bulletin 155. 

No-Carb, a liquid paint for preven. 
tion of carburization or decarburix 
—_ Park Chemical Co. Bulletis 

Furnaces. Dempsey Industrial Fu. 
nace Corp. Bulletin 157. 

High Temperature Fans. Michian 
Products Corp. Bulletin 158. 

Turbo-compressors. Spencer Tw- 
bine Co. Bulletin 159. 

16-page engineering and data book 
let on proportioning oil burners 
Hauck Mfg. Co. Bulletin 160. 

Pictorial bulletin describes {fw 
naces for heat treating, normalizing 
annealing, forging. Vulcan Com 
Bulletin 161. 

Various Surface Combustion instal 
lations engineered for batch carbe 
rizing on a production basis are 
shown in new leaflet. Bulletin 275. 

Infra-red gas burners and their 2 
vantages are described in new book 
by Burdett Mfg. Co. Bullet 


16-page booklet describes forging 
furnaces offered by Mahr Mfg. G 
Bulletin 247. 


REFRACTORIES 
INSULATION 


Insulating firebrick. Babcock ¢ 
Wilcox Co. Bulletin 162. 

Cromox, a new protective refrac 
tory coating material for prolonging 
the life of firebrick, insulating ire 
brick, and castable refractories 
coal, oil, gas-fired and electric fur 
naces, as well as in nonferrous melt 
ing furnaces. Federal Refractor 
Corp. Bulletin 163. 


Super Refractories catalog. Carbe 

AMSLER-MORTON 

Interesting data sheeis OD There 

FULTON BUILDING + PITTSBURGH, PA. O-Flake insulating bricks and 0 


ings have been iby 
. Bulletin 299 
Clay Products Co 


Other AMCO Equipment for War-industries 


P 18 
Charging-End-Fired Continuous Slab Heating Furnaces * Open Hearth Furnaces me 
Recuperative Side-Door Heating Furnaces * Pulverized Coal Systems ‘ Other Manufacturers’ Literature 


324 
Recuperators * Rotary Hearth Furnaces * Heavy Duty Forge Furnaces Listed on Pages 318, --', 322, 
326, 330, 334, 336 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


P. B. Sillimanite refractories. Chas. 
Taylor Sons Co. Bulletin 166. 

Conductivity and heat transfer 
charts. Johns-Manville. Bulletin 167. 

Ramix bottom for basic open 
hearth furnaces. Basic Refractories, 
Inc. Bulletin 168. 

Brickseal refractory coating. Brick- 
seal Refractory Co. Bulletin 169. 

D-E insulating materials and their 

Corhart Electrocast Refractories 
for the melting and refining of metals 


are described by Corhart Refrac- 
tories Co. Bulletin 209. 
application are described in new 


data booklet by Armstrong Cork Co. 
Bulletin 208. 


FINISHING @ PLATING e 
CLEANING 


Roto-Finish equipment for de- 
burring, buffing, polishing and color- 
ing. Sturgis Products Co. Bulletin 

A protective, deep black finish to 
steel. Heatbath Corp. Bulletin 171. 

Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin 172. 


Four new booklets describe black- 
ening processes for metals. Enthone 
Co. Bulletin 276. 

Motor-Generators for electroplat- 
ing and other electrolytic processes. 
Columbia Electric Mfg. Co. Bulletin 
173. 

Pickling. Wm. M. Parkin Co. Bul- 
letin 174. 

Detrex metal cleaning machines, 
metal cleaning chemicals and proc- 
essing equipment. Detrex Corpora- 
tion. Bulletin 175. 

Airless Rotoblast. Pangborn Corp. 
Bulletin 176, 

Cadmium Plating. E. I. duPont 
deNemours & Co., Inc. Bulletin 177. 

Degreasers. Phillips Manufacturing 
Co. Bulletin 178. 


Tumbling and cleaning. Globe 
Stamping and Machine Co. Bulletin 
179. 


Rust inhibiting wax coatings for 
protection of metal. S. C. Johnson & 
Son, Inc. Bulletin 180. 

Industrial washing 
American Foundry 
Bulletin 181. 


equipment, 
Equipment Co. 


PITTSBURGH 


Lectromelt furnaces of the top charge type 
produce higher tonnages of quality steel. 
They are available in sizes from 100 tons to 
250 pounds. Write for complete information. 


LECTROMELT FURNACE CORPORATION 
PITTSBURGH, PENNSYLVANIA 


“Indium and Indiun Plating’ | 
dium Corp. of America. Bulletiy 
Well-rounded and helpful oo 
on finishing and cleaning hag \,. 
issued by Frederick Gumm Chey 
Co., Inc. Bulletin 292, 

Resilon corrosion - resistant ; 
linings and applications arp , 
scribed in 8-page leaflet by Uni, 
States Stoneware Co. Bulletin 94; 

Service report describes uy 
Oakite machining, drawing, deg, 
ing and descaling materials to gy 
and simplify fabrication and sy! 
treatment of stainless steels. 
Products, Inc. Bulletin 210, 

Anodizing and plating equipme: 
Lasalco, Inc. Bulletin 211, 

Electrochemical Descaling. 
lard-Dunn Process Diy., Bullard 
Bulletin 212. 

Jetal process and its character 
tics as a protective coating. Alp 
Chemical Co. Bulletin 213. 

Casting cleaning methods in {) 
N. Ransohoff, Inc. Bulle 

4. 

Catalog section on new sheet Kor 
seal linings for tanks of welded ste 
wood or concrete has been issued | 
the B. F. Goodrich Co. Bulletin 113 

Lead plating is discussed in w 
booklet issued by Harshaw Chemi 
Co. Bulletin 109. 

Interesting, illustrated cata 
shows typical cleaning and finishing 
machines engineered and _ built 
Howard Engineering & Mfg. 
Pickling, tumbling, washing, qu 
ing, drying, burnishing equipment 
shown. Bulletin 110. 


Four types of solvent degreaser at trea 
and cleaners are described in ne Lepel 
leaflet by Technical Processes Di ~e 


Colonial Alloys Co. Bulletin 230. 

72-page metal cleaning hand! 
provides organized means of sek 
ing cleaning materials, methods 
use and types of washing equipm 
Magnus Chemical Co. Bulletin 23! 

Three electronic controllers | 
plating tanks are described in 0 
folder by Plating Processes 0 
Bulletin 235. 

Deoxidine No. 170, for removal 
light oil, annealing scale and eraé 
cation of rust, is described by A! 
ican Chemical Paint Co. in Bulle! 
236. 

New vapor cleaner equipment | 
Circo Products Company 
scribed in Bulletin 238. 

Discussion of anodizing, chrome 
tizing and phosphatizing i illus 
trated 60-page book has been issue 
by Turco Products, Inc. Bulletin 24 


MELTING @ CASTING ¢ MILL 
OPERATIONS 


Crucibles for brass, copper, alu 
num and magnesium indust! . 
Electro Refractories and Alloys \ 
Bulletin 183. 

Manganese-Titanium 
nium Alloy Mfg. Co. Bi 

Ingot Production, G2! 
neering Co. Bulletin 15 


Steels. Tit 
Hletin 134 
hmann En 


“Electromet Products 
Electro Metallurgical Co. Bulle! 
186. 
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for Ordering Helpful! | itereturs 

Other Manufacturers 

Listed on Pages 318, --', S22, 
326, 328, 334, anc 336. 
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- 


at treating the wearing face of a coupling by 

Lepel High Frequency Induction Heating 
cess. Toughness and ductility of the balance 
the part is unimpaired. 


e > of precise, selective heat treating, the 
ae High Frequency Induction Unit—compact, 
y movable, relatively inexpensive. Operated 


manually or fully automatic. 


FREQUENCY 
August, 1943; Page 333 


Produces Better Parts at Lower rt... 


Precise, selective heat treatment, as developed and perfected 
by Lepel, permits the application of heat up to any selected 
temperature, exactly where it is required and for the exact 
period of time necessary to produce the desired result. 

Amazing in its speed, Lepel equipment reduces from minutes 
to seconds the time required for hardening, annealing, stress 
relieving and for brazing and soldering—the same unit perform- 
ing all of these operations. Yet it maintains a degree of preci- 
sion and uniformity rarely attainable through other methods. 

Fully automatic operation is possible, eliminating the human 
equation and assuring speed, economy, conservation of man- 
power and critical materials and a minimum of rejections. 

Lepel equipment achieves the ultimate in simplicity of 
operation, dependability and cleanliness. As a result, Lepel 
installations in many leading war industries are operated 
entirely by women. 

While Lepel equipment has been a boon to wartime pro- 
duction, it is instantly adaptable to peace-time applications 
without any conversion whatever. 

Write or wire for complete information, or, better still, send 
us samples of your work with specifications for heat treating, 
brazing or soldering. Our engineers will then perform the 
work specified and return the samples with specific data, rec- 
ommendations and cost estimates. This service entails no 
expense or obligation on your part. 


LEPEL HIGH FREQUENCY LABORATORIES, Inc. 


PIONEERS IN INDUCTION HEATING 
39 West 60th Street 


INDUCTION UNITS 


New York, N. Y. 


| 


WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 


Chrom-X for steel mill and found- 
ry. Chromium Mining & Smelting 
Co. Bulletin 187. 

Lectromelt Furnaces. Pittsburgh 
a Furnace Corp. Bulletin 

Electric Furnaces. Detroit Electric 
Furnace Div., Kuhlman Electric Co. 
Bulletin 189. 


Stroman crucible melting furnaces 
for aluminum and magnesium are 
described in leaflet by Stroman 
ee & Engineering Co. Bulletin 

Operating Features, capacities, 
charging methods of the Heroult 
electric furnace. American Bridge 
Co. Bulletin 215. 


How Research Has Produced de- 
velopments that make the side-blow 
converter process desirable as a 
source of high temperature metal. 
Whiting Corp. Bulletin 216. 

Chart for the correction of brasses 
for zinc loss should interest foundry- 
men. Foundry Services, Inc. Bul- 
letin 217. 

Coke oven plant construction and 
development in 1942 is described 
and illustrated in 12-page pamphlet 
by the Koppers Co. Bulletin 232. 


“Fisher Magnesium Scrapbook”. 
Fisher Furnace Co. Bulletin 281. 

Attractive booklet describes 
growth, facilities and offers valuable 
alloy hints. Niagara Falls Smelting 
& Refining Corp. Bulletin 246. 


ENGINEERING @ APPLICA- 
TIONS @ PARTS 


Chace manganese alloy No. 772 in 
sheets, TC red and special shapes 
described by W. M. Chace Co. Bul- 
letin 190. 

Centrifugal castings. Shenango- 
Penn Mold Co. Bulletin 191. 

Electrical, corrosion and heat re- 
sisting alloys in rod, wire, ribbon 
and strip forms. Wilbur B. Driver 
Co. Bulletin 192. 

Carburizing Boxes. 
Co. Bulletin 193. 

Duraspun Centrifugal Castings. 
Duraloy Co. Bulletin 194. 

12-page booklet describes many 
specialties of Summerill Tubing Co. 
Bulletin 282. 

Cast bronze, sleeve type standard- 
ized bearings. Bunting Brass & 
Bronze Co. Bulletin 195. 

Nichrome and alloy castings. 
Driver-Harris Co. Bulletin 283. 


Pressed Steel 


Interesting, descriptive leafle 


metal reclaiming mill of 
Dreisbach Engineering ¢ 
tin 284. Corp. Bal 
Meehanite Castings. Ve 
search Institute. Bulk in 


X-Ray Inspected Casti 
Alloys Co. Bulletin 197, 
Metal Baskets. W. §. ty 
Bulletin 198. Tyler 
teel Castings. Chicago . 
dry Co. Bulletin 199. 
eat Resisting Alloys, & 
loys Co. Bulletin 200... 
Pipes and Tubes. Michigan 
Casting Co. Bulletin 261, 
Bimetals_and Electrical Contag 
H. A. Wilson Company. Bulla 
Cr-Ni-Mo Steels. 
Co. Bulletin 203. 
Industrial baskets, crates, trays 
fixtures. Rolock, Inc. Bulletin 94 
Seamless pressed steel heat tres 
ing containers. Eclipse Fuel By 
neering Co. Bulletin 205. 
Cooper standard alloys. Coo 
Alloy Foundry Co. Bulletin 206, 
48-page catalog on manganese sted 
American Manganese Steel Dj 
American Brake Shoe Co. Bulli 


A. Finkl & Sau 


Alloy Castings. Ohio Steel Foundn 
Co. Bulletin 207. 


Use Handy Coupon on Page 318 

for Ordering Helpful Literature, 

Other Manufacturers’ Literature 

Listed on Pages 318, 321, 322, 3%, 
326, 328, 330, and 336. 
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ORDNANCE AND INDUSTRIAL 


All Sizes — All Types — Alli Purposes 
Direct Fired — Recirculating — Recuperetive 
Automatic or Manual Controls 

Gas Burners—Nozzle Mix and 


Oil Burners, Oil Heaters and 


TATE-JONES & CO., INC. 


Furnace Engineers and Manufacturers Since 18°" 


FURNACES 


Long Luminous Fleme 


Conditioning Equipme 


LEETSDALE, PA. 


| 
ae 


WAYNE, INDIANA 


: 
i 
A 


chinability (170 S.F.P.M), extension 
of tool life and splendid finish all 
in ONE steel permit its replacing 


Licensor 


MONARCH STEEL COMPANY 


“INDIANAPOLIS CHICAGO 


HAMMOND 


I Licensee for Eastern States 


THE FITZSIMONS COMPANY 
OVERS LTD., Toronto, Canadian | 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL & 


A MEDIUM HIGH CARBON OPEN HEARTH PRODUCT 


BONDS 


WHATS NEV 


IN MANUFACTURERS’ LITERA Typ, 


_ Spring Design and Engineering 
title of new manual issued by \ 
West Spring Mfg. Co. Bulletin 9: 

Manual on welded steel tudin, ; 
heat exchanger and condenser 
has been issued by Formed %,. 
Tube Institute. Bulletin 236 

New process of tube spinning & 
veloped by Wolverine Tube )) 
Calumet & Hecla Consolidated (», 
per Co., is described in pbrochm 
just released. Bulletin 287, 

An engineer's handbook on 
trical contacts. Fanstee! Metallurs 
cal Corp. Bulletin 218. 


Just released by Atlas Brass Foy 
dry is an 84-page catalog listing si: 


and prices of hundreds of finish 


bronze bushings and porous 
taining bearings. Bulletin 219. 


Production of gray iron and » 
steel castings is described in an illy 
trated booklet issued by Forest (\ 
Foundries Co. Bulletin 220. 

Flanges and other drop forging 
Ladish Drop Forge Co. Bulletin 


Finding list and list of sources 
alloy metals. Hobart Brothers ( 
Bulletin 222. 

How to use explosive rivets | 
high speed blind riveting is set fort 
in new folder by E. I. du Pont & 
Nemours & Co. Bulletin 278. 


Powder metal oil-retaining porow 
bronze bearings are described « 
illustrated in new booklet by Bou 
Brook Oil-less Bearing Co. Bulleti 
279. 

Complete line of radial and piv 
type bearings is described by Mini 
ture Precision Bearings. Bulletin 2 

Ledaloyl, self-lubricating bearing 
Johnson Bronze Co, Bulletin 223 


Metal Powders. Metals Disintegr: 
ing Co. Bulletin 224. 

Corrosion and heat resistant alo 
Lebanon Steel Foundry. Bulletin 

Lead-base metals. Magnolia Mets 
Co. Bulletin 226. 

Oilite precision oil cushion-broot 
bearings and other powder mela 
bar, plate and strip stocks are co 
prehensively described in 140-pat 
catalog issued by Amplex Di 
Chrysler Corp. Bulletin 227. 

Many advantages of metal spinni 
are described and illustrated in! 
let issued by Milwaukee Metal Sp! 
ning Co. Bulletin 113. t 

Facilities and catalog of product 
are shown in new Ampco Metal, !™ 
Bulletin 237. 

Many applications and 
through use of drop forgings * 
shown in Drop Forging To roti 
by Drop Forging Ass®. ulleti 
240. 


Use Handy Coupon on Pate 
for Ordering Helpful Literature 
Other Manufacturers’ Literature 
Listed on Pages 318, 521, 322, 3 
326, 328, 330, a 3M. 
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fe: 
high physical properties, ex- 
several comparable steels used in The 
_ * WRITE US FOR DETAILS 
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Adu 
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